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HealthScan  didn't  invent 
tlie  vaived  iioiding  Giiamber. 


We  ontimized  it. 


We  took  a  hard  look  at  the  leading  vaived  holding 
chamber.. .and  found  room  for  improvement  —  a  50% 
increase  in  volume.  This  extra  volume  means  more  fine 
particle  dose  is  available  for  inhalation.' 


Because  face  masks  are  detachable,  one  OptiChamber 
unit  can  meet  tlie  needs  of  a  growing  cfiild. 


Designed  to  Optimize  Drug  Delivery 

OptiChamber ;  HealthScan's  vaived  holding  chamber, 
makes  available  more  of  the  smaller  medication  particles  — 
those  that  reach  deep  down  into  the  peripheral  airways."^ 
And  OptiChamber  is  clinically  proven  to  produce  rapid 
lung  function  improvement  with  salbutamol  (albuterol).' 

Designed  to  Optimize  Patient 
Value  and  Ease-of-Use 

Best  of  all,  OptiChamber  delivers  exceptional  value. 
A  replaceable  one-way  valve  results  in  longer  trouble- 
free  pertormance.  Detachable  masks  adapt  to  changing 
patient  needs  and  help  keep  patient  costs  to  a  minimum. 
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of  the  American  Association  for  Respiratory  Care 

December  6-9,    1997   (Saturday-Tuesday) 
Ernest  N.  Morial  Convention  Center    New  Orleans 


1997  EGAN  LECTURE  -  The  1997  Donald  F.  Egan  Scientific  Lecture,  The  "Wise"  and  "Wherefores"  of 
Measuring  Outcomes  in  Respiratory  Critical  Care,  will  be  presented  by  Dr.  William  Sibbald.  Chair  of  the 
Program  in  Critical  Care  and  Professor  of  Medicine  at  the  University  of  Western  Ontario  in  London,  Canada. 
Dr.  Sibbald's  lecture  will  address  the  current  key  theme  in  healthcare  re-design:  the  need  to  improve  care 
efficiency — a  process  of  increasing  quality  and  simultaneously  reducing  costs  of  care  processes.  The  lecture  will 
demonstrate  the  key  components  of  outcomes  measurement  in  respiratory  critical  care.  Also,  it  will  include  a 
discussion  of  benchmarking  care  practices  and  conclude  with  a  discussion  of  the  role  of  evidence-based  clinical 
practice  guidelines,  in  the  practice  of  respiratory  critical  care.  The  Egan  Lecture  will  be  presented  on  Sunday. 
December  7,  at  9:35  am  in  the  New  Orleans  Convention  Center. 

SYMPOSIUM  TO  UPDATE  AND  ADDRESS  CONTROVERSIES  ON  THE  TREATMENT  OF  ASTHMA  - 

The  symposium  on  Tuesday,  December  9,  will  review  and  identify  the  most  critical  areas  in  the  treatment  of 
asthma,  including  the  latest  report  from  the  NIH  Expert  Panel,  safety  and  efficacy  of  different  drugs,  the  effect 
of  asthma  on  quality  of  life,  and  proper  care  path  plans. 

WHAT  TO  DO  IN  NEW  ORLEANS  -  This  issue  ofAARC  Times  contains  information  about  New  Orleans,  from 
what  to  see,  to  what  to  do,  to  where  to  eat.  Also,  if  you  want  to  read  about  the  "Big  Easy,"  visit  the  New  Orleans 
Convention  &  Visitors  Bureau's  website  in  the  Internet  (www.nawlins.com). 

CONTROVERSIES  SYMPOSIUM  -  The  ever-popular  symposium  on  Controversies  in  Respirator}-  Care  will  be 
presented  for  the  1 0th  time  in  New  Orleans,  announced  Bill  Calvin.  Program  Committee  Chair.  The  1997  sympo- 
sium, which  is  designed  to  generate  lively  discussions  and  enable  the  audience  to  see  both  sides  of  each  issue,  will 
address  four  important  topics:  Are  credentialed  respiratory  care  practitioners  the  only  ones  qualified  to  perform 
ventilator  care?  Does  point-of-care  testing  improves  outcomes?  Is  the  6-minute  walk  test  more  significant  that  a 
complete  exercise  evaluation?  And  is  charting  by  exception  more  meaningful  than  conventional  charting? 


Open  Forum  -  RCPs  are  leading  the  way  in  respiratory  care  research  and  their  findings  will  be  found  at  the 
twelve  Open  Forum  Minisymposia  in  New  Orleans.  The  results  of  more  than  160  research  projects  will  be  pre- 
sented and  discussed  during  the  twelve  minisymposia:  (I)  Critical  Care — Nailing  Down  the  Details;  (2)  Critical 
Care:  A  Hard  Look  at  Some  New  Techniques:  (3)  Six  Interesting  Cases  plus  a  Trip  Out  of  the  Institution  and  into 
the  World;  (4)  Evaluation  of  Monitors.  Devices,  and  Components:  "As  Advertised"?:  (5)  Education  and 
Training — So  Many  Challenges!:  (6)  Infection  Control — Two  Big  Cs:  Cost  and  Clinical  Aspects:  (1)  Long-Term 
Care  cuid  Rehabilitation — Keeping  on  Keeping  On.':  (8)  Nitric  Oxide:  More  Questions.  More  Answers:  (9) 
Aerosols — Lifting  the  Eog:  ( 10)  Ventilators:  Details!  Details!  Details!:  (II)  Purely  Management  Issues — Or  Are 
They?:  and  (12)  TDPs/PDPs/Algorithms — Coming  of  Age.  Posters  by  authors  presenting  at  the  Open  Forum  will 
also  be  displayed  on  the  Wall  of  Fame  in  the  Exhibit  Hall  during  exhibit  hours.  Abstracts  of  all  the  papers  will 
be  published  in  the  November  1997  issue  of  Respiratory  Care,  the  official  science  journal  of  the  American 
Association  for  Respiratory  Care. 
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thesiology 1997:87(2);  195- 196. 
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Short-Term  Incarceration  for  the  Management 
of  Noncompliance  with  Tuberculosis  Treat- 
ment— WJ  Burman.  DL  Cohn.  CA  Rietmeijer, 
FN  Judson.  JA  Sbarbjiro.  RR  Re\'es.  Chest  1997; 
112(1);57. 

OBJECTIVES;  To  review  the  use  of  incarcera- 
tion for  noncompliance  with  tuberculosis  treat- 
ment. DESIGN;  Rcmispective  review.  SETTING; 
An  urban  tuberculosis  control  program.  PA- 
TIENTS; Patients  treated  for  active  tuberculosis. 
MEASUREMENTS  &  RESULTS;  We  reviewed 
the  legal  basis  and  practical  application  of  quar- 
antine for  active  tuberculosis,  including  the  use 
of  incarceration  for  noncompliance.  The  records 
of  patients  treated  at  the  Denver  Metro  Tuber- 
culosis Clinic  during  1984  to  1 994  were  reviewed 
to  identify  patients  who  were  incarcerated  and  to 
evaluate  the  effccti\'eness  of  this  intervention.  Of 
424  cases  of  tuberculosis.  2(1  patients  (4.7';^ )  were 
inciirceralcd  for  noncompliance;  an  additional  21 
patients  (5.0'7f )  were  lost  to  follow-up  prior  to  com- 
pleting therapy.  Incarcerated  patients  were  pre- 
dominantly men  who  were  born  in  Ihe  United 
States  ;uk1  had  a  history  of  homclcssness  and  alco- 
hol abuse.  The  median  duration  of  tlic  initial  incar- 
ceration was  20  days  ( range.  7  to  .S 1  da\  s ).  Of  the 
17  patients  released  prior  to  completing  therapy. 
13  nWc)  were  compliant  with  outpalicnl,  directly 
observed  therapy  after  1  or  2  short-term  incar- 
cerations (<  60  days);  only  3  patients  were  incar- 
cerated for  Ihe  duration  of  treatrnenl.  Overall.  1 8 
of  20  incarcerated  patients  (90%)  were  success- 
fully treated.  CONCLUSIONS;  Approximately 
^^c  of  the  p:iticnts  treated  through  our  program 
were  incarcerated  for  noncompli;mce;  an  additional 
5%  were  unavailable  for  follow-up  iind  would  have 


lieen  c;indidates  for  incarceration  if  found.  Home- 
Icssness  and  alcoholism  were  closely  associated 
with  the  use  of  incarceration.  Short-term  incar- 
ceration followed  by  ourpalieni,  direcdy  observed 
therapy  was  relatively  successful  in  the  man- 
agement of  this  difficult  patient  population.  See 
the  relarecl  eiliroriiil:  III  Pursuit  of  Tuberculo- 
sis Control:  Civil  Liberty  vs  Public  Health — LS 
Effeien.  Cliesi  /Vy7;//2(/),-,vft, 

IntracutT  Pressures  Do  Not  Predict  Laryn- 
gopharyngeal Discomfort  after  Use  of  the 
Laryngeal  Mask  .Airway — A  Rieger.  B  Brunne. 
HWSlriebel.  Anesthesiology  1997:87(1);63. 

BACKGROUND;  The  laryngeal  mask  airway 
(LMA)  is  a  large  foreign  body  that  e.xerts  pres- 
sure on  the  pharyngeal  mucosa,  which  may  lead 
to  throat  discomfort.  To  determine  w  hether  intra- 
cuff  pressures  are  associated  with  such  discom- 
fort, a  randomized,  double-blind  study  was  per- 
formed to  determine  the  effect  of  high  versus  low 
inlracuff  pressures.  METHODS;  Seventy  healthy 
women  were  randomly  alliKated  to  2  groups  with 
different  LMA  intracufi  pressures;  30  mm  Hg  I  low 
pressure)  or  180  mm  Hg  (high  pressure).  Pressures 
were  controlled  w  ith  a  microprcK'essor-controlled 
monitor.  Insertion  of  the  LMA  was  performed  by 
1  investigator  and  facilitated  with  propofol  and 
verified  fiberoptically.  Anesthesia  was  maintained 
wiUi  enllurane  and  nitnius  oxide.  The  LMAs  were 
removed  while  the  patients  were  still  asleep. 
Patients  assessed  their  lary  ngopharyngeal  com- 
plaints (sore  throat,  dysphagia,  hoarseness)  at  8. 
24.  and  48  hours  after  operation  on  a  lOl-point 
numerical  rating  scale.  RESULTS;  No  significant 
difference  was  found  in  the  cnerall  incidence  of 


complaints  between  both  groups  (low  pressure; 
50%;  high  pressure;  42%).  On  die  day  of  surgery, 
dysphagia  (38%)  was  more  frequent  than  sore 
throat  (16%)  or  hoarseness  (6% )  ( p  <  0.05 )  within 
the  high-pressure  group.  In  the  low-pressure  group, 
the  incidence  of  these  complaints  was  not  sig- 
nificandy  different  (33%.  20%.  and  23%.  respec- 
tively). On  the  following  day,  dysphagia  was  still 
present  in  20%  of  the  women  in  both  groups,  and 
other  symptoms  comprised  10%  or  less  of  the 
reported  complaints.  CONCLUSIONS;  Differ- 
ences in  LMA  intracuff  pressures  did  not  influ- 
ence either  the  incidence  or  severity  of  laryn- 
gopharyngeal complaints. 

I  .aerdal  Infant  Resuscitators  Are  Unreliable  as 
Free-Flow    Oxygen    Delivery    Devices — RJ 

Martell.  CM  Soder.  Am  J  Pennatol  1997;  14(6);.«7. 

Laerdal  Infant  Resuscitators  (Laerdal  Medical 
Co,  NY)  are  commonly  used  as  free-flow  oxy- 
gen delivery  devices  during  neonatal  resuscita- 
tion in  situations  where  oxygen  but  not  mechan- 
ical ventilation  is  desired.  This  study  evaluates 
the  performance  of  these  resuscitators  as  free- 
tJow  oxygen  devices.  Efficiency  was  measured 
by  comparing  oxygen  tlow  entering  the  resus- 
citator  to  oxygen  tlow  delivered  by  the  resusci- 
tator.  Clinical  impact  was  assessed  by  measur- 
ing simulated  patient  Fio:-  Three  randomly 
selected  resuscitator  bags  were  tested  for  oxy- 
gen delivery  efficiency  by  comparing  oxygen 
infiow  to  outflow  over  an  inflow  range  of  I  to 
15  L/min.  Measured  outflow  was  18-24%  of 
inflow,  demonstrating  that  as  much  as  82%  of 
the  oxygen  flow  escapes  via  the  safety  air  inlet, 
safety  blow-off  valves,  and  other  leaks.  With  the 
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patient  valve  assembly  removed,  efficiency 
improved  to  53-59%.  Simulated  F|0;  ranged  from 
0.23  to  0.68  at  5  L/min  oxygen  (low.  We  con- 
clude that  use  of  the  Laerdal  Infant  Resuscita- 
tor  for  Ilie  delivery  of  free-tlow  oxygen,  even  with 
the  valve  assembly  removed,  generates  highly 
variable  patient  F|o;.  The  use  of  self-inllating  hags 
for  delivery  of  oxygen  without  manual  ventila- 
tion should  be  reconsidered. 

ImprovemenI  in  ()xy);enatiiin  b)  Phenylephrine 
and  Nitric  Oxide  in  Patients  «ith  .Adult  Res- 
piratory Distress  Syndrome — HB  Doenng.  C'W 
Hanson  111.  »J  Reilv.  C  Marshall.  BE  Marshall. 
Anesthesiology  1997;87(  1  ):18. 

BACKGROUND:  Inhaled  nitric  oxide  (NO),  a 
selective  vasodilator,  improves  oxygenation  in 
many  patients  with  adult  respiratory  distress 
syndrome  (ARDS).  Vasoconstrictors  may  also 
improve  oxygenation,  possibly  by  enhancing 
hypoxic  pulmonary  vasoconstriction.  This  study 
compared  the  effects  of  phenylephrine.  NO.  and 
their  combination  in  patients  with  .^RDS.  METH- 
ODS: Twelve  patients  with  ARDS  (P,,oyF]c),)  <le> 
180;  Murray  score  <me>  2)  were  studied.  Each 
patient  received  3  treatments  in  random  order: 
intfavenous  phenylephrine.  .S0-2(X)/jg/min.  titi-ated 


to  a  209^  increase  in  mean  arterial  blood  pressure; 
inhaled  NO,  40  ppm;  and  the  combination 
(phenylephrine  -(■  NO).  Hemodynamics  and  hUnxl 
gas  measurements  were  made  during  each  treat- 
ment and  at  pre-  and  posttreatment  baselines. 
RESULTS:  All  3  treatments  improved  PjO;  over- 
all. Six  patients  were  "phenylephnne-responders" 
(APaO;  >  10  mm  Hg).  and  fi  were  "phenylephrine- 
nonresponders."  In  phenylephrine-responders.  the 
effect  of  phenylephrine  was  comparable  with  that 
of  NO  (P,o;  from  105  ±  10  to  132  ±  14  mm  Hg 
with  phenylephrine,  and  from  I10±  14  to  143  ± 
19  mm  Hg  with  NO),  and  the  effect  of  phenyle- 
phrine -t-  NO  was  greater  than  that  of  either  treat- 
ment alone  (PjO;  from  123  ±  13  to  178  ±  23  mm 
Hg).  In  phenylephrine-nonrespondcrs.  phenyle- 
phrine did  not  affect  Pjo,,  and  the  effect  of  phen- 
ylephrine +  NO  was  not  statistically  different  from 
that  of  NO  alone  (Pao:  from  82  ±  12to  138±28 
mm  Hg  with  NO;  from  84  ±  12  to  1 27  ±  23  mm 
Hg  with  phenylephrine  +  NO).  Data  are  mean  ± 
SEM.  CONCLUSIONS:  Phenylephrine  alone  can 
improve  Pao,  in  patients  with  ARDS.  In  phenyle- 
phrine-responsive  patients,  phenylephrine  aug- 
ments the  improvement  in  Pjo,  seen  with  inhaled 
NO.  These  results  may  reflect  selective  enhance- 
ment of  hypoxic  pulmonary  vasoconstriction  by 
phcnviephrine.  which  complements  selective 


vasodilation  by  NO.  See  the  related  editorial: 
Phenylephrine  and  hiltaled  Xitric  Oxide  in  Adult 
Respiratory  Distress  Syndrome:  When  Are  Two 
Belter  than  One?  —RU  Pearl.  AiU'stliesioloi;y 
IW7:/i7in:l-<. 

Permissive  Hypercapnia  with  and  without 
Kxpiratory  Washout  in  Patients  with  Severe 
.Acute  Respiratory  Distress  Sj  ndrome — P  Kal- 
fon.  GSU  Rao.  L  Gallart.  L  Puybasset.  P  Coriat. 
J-J  Rouby.  Anesthesiology  I997;87(l  ):6. 

BACKGROUND:  Permissive  hypercapnia  is  a 
ventilatory  strategy  aimed  at  avoiding  lung  volu- 
trauma  in  patients  w  ith  severe  acute  respiratory 
distress  syndrcmie  (ARDS).  Expiratory  washout 
(EWO)  is  a  modality  of  tracheal  gas  insufflation 
that  enhances  carbon  dioxide  reinoval  during 
mechanical  ventilation  by  reducing  dead  space. 
The  goal  of  this  prospective  study  was  to  deter- 
mine the  efficacy  of  EWO  in  reducing  the  par- 
tial pressure  of  carbon  dioxide  (Paco;)  in  patients 
with  severe  .ARDS  treated  using  permissive  hyper- 
capnia. METHODS:  Seven  critically  ill  patients 
with  severe  .ARDS  I  lung  injury  severity  score,  3. 1 
±  0.3)  and  no  contraindications  for  permissive 
hypercapnia  were  studied.  On  die  first  day.  hemo- 
dynamic and  respiratory  parameters  were  mea- 
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sured  and  the  extent  of  lung  hyperdensities  was 
assessed  using  computed  tomography.  A  [X)siti\e 
end-expiratory  pressure  equal  to  the  opening  pres- 
sure identified  on  the  pressure-volume  curve  was 
applied.  Tidal  volume  was  reduced  until  a  plateau 
airway  pressure  of  25  cm  HjO  w  as  reached.  On 
the  second  day.  after  implementation  of  permissive 
hypercapnia.  EWO  was  instituted  at  a  flow  of  15 
L/min  administered  during  the  entire  expiratory 
phase  into  the  trachea  through  the  proximal  chan- 
nel of  an  endotracheal  tube  using  a  ventilator 
equipped  with  a  special  flow  generator.  Car- 
diorespiratory parameters  were  studied  under  3 
conditions:  permissive  hypercapnia.  permissive 
hypercapnia  with  EWO.  and  permissi\e  hyper- 
capnia. RESULTS:  During  permissive  hyper- 
capnia. EWO  decreased  Pjco;  from  76  ±  4  mm 
Hg  to  53  ±  3  mm  Hg  (-30'7f;  p  <  0.0001). 
increased  pH  from  7.20  ±  0.03  to  7.34  ±  0.04  ( p 
<  0.0001 ),  and  increased  P.,o.-  from  205  ±  28  to 
2%  +  38  mm  Hg  ( p  <  0.05 ).  The  reduction  in  P^ra 
was  accompanied  by  an  increase  in  end-inspira- 
tory  plateau  pressure  from  26  ±  1  to  32  ±  2  cm 
H2O  (p  =  0.001).  Expiratory  washout  also 
decreased  cardiac  index  from  4.6  ±  0.4  to  3.7  ± 
0.3  I  ■  min  '  ■  m  -  (p  <  0.01 ).  mean  pulmonary  arte- 


rial pressure  from  28  ±  2  to  25  ±  2  mm  Hg  ( p  < 
0.01 ).  and  true  pulmonary  shunt  from  47  ±  2  to 
36  ±  3%  (p  <  0.01 ).  CONCLUSIONS:  Expiratory 
washout  is  an  effective  and  easy-to-use  ventila- 
tory modality  to  reduce  Paa:):  and  increase  pH  dur- 
ing permissive  hypercapnia.  However,  it  signif- 
icantly increases  airway  pressures  and  lung  volume 
through  expiratory  flow  limitation,  reexposing 
some  patients  to  a  risk  of  lung  volutrauma  if  the 
extrinsic  positive  end-expiratory  pressure  is  not 
substantially  reduced.  Sec  the  relaled  article:  Per- 
missive Hypercapnia  with  and  without  Expiratory 
Washout  in  Patients  with  Severe  Acute  Respi- 
ratory Distress  Syndrome  (Highlights) — JJ 
Marini.  Anesthesiology  1997:87(I):25A-26A. 

Sputum  in  Severe  Exacerbations  of  .'Vsthma: 
Kinetics  of  Inflammatory  Indices  after  Pred- 
nisone Treatment — MMM  Pizzichini.  E  Pizzi- 
chini.  L  Clelland.  A  Efthimiadis.  J  Mahony.  J 
Dolovich,  FE  Hargreave.  Am  J  Respir  Crit  Care 
Med  1997:155:1501. 

We  have  investigated  the  time-course  of  symp- 
toms, forced  expiratory  volume  in  1  second 
(FEV|).  and  the  airway  inflammatory  changes  in 


sputum  selected  from  saliva  and  blood  of  10 
patients  with  severe  exacerbation  of  asthma 
between  presentation  and  after  I.  2,  3,  7.  and  21 
days  of  treatment.  The  sputum  \\  as  induced  by  a 
modified  standard  protocol,  and  we  examined  its 
safety.  The  severe  exacerbation  of  asthma  was 
defined  by  the  presence  of  nocturnal  symptoms 
disturbing  sleep  and/or  the  need  for  inhaled  short 
acting  /}-2  agonist  >  8  puff.s/d  and  an  FEVi  after 
bronchodilator  <  60'7r  of  predicted.  The  treatment 
consisted  of  additional  prednisone  30  mg  daily 
for  5  days  followed  by  reduction  to  zero  by  day 
10.  Abnormal  findings  (median  (interquartile 
range)]  in  spontaneous  and  induced  sputum 
included  low  viability  of  cells  [52.0  (34.0)%]; 
eosinophilia  [20.0  (16.4)%];  many  free  eosinophil 
granules;  and  increased  levels  of  fluid-phase  ECP 
1 1 .960  (9.204)  ^g/L].  fibrinogen  [6.045  (10.720) 
/ig/L],  and  IL-5  [160  (212)  pg/mL].  Peripheral 
blood  eosinophils  [  10.4  (7.6)%]  and  ECP  levels 
[34.0  (35.0)  ^g/L]  were  increased.  After  treamient, 
symptoms.  FEV|.  blood  eosinophilia.  and  serum 
ECP  improved  in  the  first  24  hours.  Sputum  eo- 
sinophils and  ECP  did  not  impro\  e  until  48  hours 
and  fibrinogen  not  until  7  days.  The  improvement 
in  sputum  eosinophils  and  ECP  levels  was  cor- 
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related  with  improvement  of  FEV  i  and  in  fluid- 
phase  IL-5.  Thirty  sputum  inductions  were  per- 
formed safely  in  the  majority  with  inhaled  isotonic 
or  3'7f  saline  (23.3%  or  63.3%.  respectively)  over 
a  short  duration  ( mean  8.4  mini.  The  patients  who 
had  a  fall  in  FEV,  of  >  10%  ( 10  occasions)  after 
induction  differed  from  those  with  a  fall  of  <  10% 
only  in  the  amount  of  inhaled  /3-2  agonist  used 
by  the  patients  in  the  preceding  24  hours  [8.0  (5.0) 
vs  4.0  (3.0)  puffs/d.  p  =  0.01  ].  The  results  sug- 
gest that  spontaneous  or  induced  sputum  can  be 
used  safely  to  follow  the  kinetics  of  effects  of  anti- 
inflammatory treatment  in  a  severe  exacerbation 
of  a.sthma.  The  clinical  and  blotxl  indices  improve 
before  those  in  sputum,  raising  the  possibility  that 
examination  of  sputum  is  a  better  guide  in  these 
patients  to  follow  the  effects  of  treatment. 

Influence  on  Asthma  Morbidity  of  Asthma 
Education  Programs  Based  on  Self-Manage- 
ment Plans  Following  Treatment  Optimiza- 
tion— J  Cote.  A  Cartier.  P  Robichaud.  H  Boutin. 
J-L  Mall).  M  Rouleau,  et  al.  Am  J  Respir  Crit  Care 
Med  iyy7;155:1509. 

The  objective  of  this  study  was  to  evaluate  the 
effectiveness  of  an  a.sthma  education  program  on 
morbidity,  knowledge,  and  compliance  with 
inhaled  corticosteroid  treatment  using  a  prospec- 
tive, mndomized,  controlled,  1-year-before/l -year- 
after  protocol.  After  rigorous  optimization  of 
asthma  therapy  under  the  care  of  respirologists. 
patients  were  assigned  to  1  of  3  groups:  Group 
C  (control  group:  no  formal  education).  Group  P 
(education  and  action  plan  based  on  peak-flow 
monitoring),  and  Group  S  (education  with  action 
plan  based  on  monitoring  of  asthma  symptoms). 
A  total  of  1 88  subjects  with  moderate  to  severe 
a-sthma  were  enrolled  and  149  completed  the  study. 
Asthma  morbidity  decreased  significantly  in  all 
groups  (p  =  0.(X)  1 ).  Mean  values  1 -year-before/ 1 - 
year-after  in  Groups  C.  P.  and  S  were:  unsched- 
uled medical  visits.  2.4/0.8,  2..V0.7.  and  1.9/0.7; 
hospitalizations.  0.21/0.04. 0.24/0.04.  and  0.40/ 
0.09;  oral  steroid  treatments;  1.3/0.5,  1.2/0.7.  and 
1.3/0.9;  absenteeism  from  work/school.  9.6/5.2. 
8.8/2.2,  and  6.3/2.9.  Between-group  differences 
did  not  reach  statistical  significance  (p  >  0.05). 
Asthma  knowledge  increased  in  both  educated 
groups  compared  with  the  control  group  (p  < 
O.tXll )  as  did  short-temi  compliance  with  inhaled 
corticosteroids.  These  results  confirm  that  treat- 
ment optimization  coupled  with  sustained  high 
(.juality  care  in  motivated  patients  c;m  lead  to  a  sig- 
nificant decrease  in  asthma  morbidity.  In  such  clin- 
ical settings,  structured  asthma  education  sig- 
nificantly improved  short-term  compliance  with 
treatment  and  knowledge  about  asthma,  although 
it  could  not  add  extra  benefit  with  regard  to  mor- 
biditv ,  Nevertheless,  this  study  does  not  refute  the 
potential  benefit  of  education;il  interventions  aimed 
at  improving  asthma-related  morbidity  over  a 
longer  time  peiiod  or  in  patients  with  less  opn- 
mal  care  or  with  hiah-risk  factors. 


Physiologic  Benents  of  Exercise  Training  in 
Rehabilitation  of  Patients  with  Severe  Chronic 
Obstructive  Pulmonary  Disease — R  Casaburi. 
J  Porszasz.  MR  Bums.  ER  C;intliere,  RSY  Chang, 
CB  Cooper.  Am  J  Respir  Crit  Care  Med  1997; 
155:1541. 

We  determined  the  effect  on  exercise  tolerance 
and  physiological  exercise  responses  of  rigorous 
rehabilitative  exercise  training  in  chronic  obstruc- 
tive pulmonary  disease  (COPD).  Fifteen  men  and 
10  women  (mean  age.  68  ± 6  yr.  FEV,.  0.93  ± 0.27 
I.)  participated  in  a  rehabilitation  program  with 
an  exercise  component  of  3/week  45-minute  ses- 
sions of  cycle  ergometer  U~aining  for  6  weeks  with 
exercise  intensity  kept  near  maximal  targets. 
Before  and  after  rehabilitation,  patients  performed 
an  incremental  test  and  a  constant  work  rate 
(CWR)  test  at  80%  of  the  peak  work  rate  in  the 
preprogram  incremental  test.  Ventilation  (Vg)  and 
gas  exchange  were  measured  breath  by  breath; 
arterialized  venous  blood  was  analyzed  for  blood 
gas  determinations  and  lactate.  Rehabilitation 
yielded  an  average  increase  in  peak  work  rate  in 
the  incremental  test  of  369'c  (p  <  0.001 ).  and  in 
the  duration  of  the  CWR  test  of  77%  (p  <  0.001 ). 
In  the  CWR  test,  the  kinetics  of  Oj  uptake,  CO: 
output.  Vg.  and  heart  rate  were  markedly  slower 
than  those  of  healthy  subjects.  After  training,  mean 
response  time  decrease  averaged  17,  22,  34,  and 
29%.  respectively  (p  <  0.02).  evidence  of  a  phys- 
iologic training  effect.  Further,  for  identical  CWR 
tasks.  Ve  was  10%  lower  (p  <  0.02)  after  train- 
ing, attributable  to  altered  breathing  pattern:  tidal 
volume  increased  by  8%c  and  respiratory  rate 
decreased  by  19%.  yielding  lower  Vq/Vj  (0.46 
vs  0.53  p  <  O.CK)5).  Rigorous  exercise  training  for 
patients  with  severe  COPD  yields  more  efficient 
exercise  breathing  pattern  and  lower  Vg;  this  is 
associated  with  improved  e.xercise  tolerance. 

The  Effect  of  Nonvisible  Sleep  Fragmentation 
on  Daytime  Function — SE  Martin.  PK  W  raith, 
IJ  Deary.  NJ  Douglas.  Am  J  Respir  Crit  Care  Med 
1997:155:1596. 

Patients  with  sleep  apnea/hypopnea  syndrome 
(SAHS)  suffer  from  impaired  daytime  function 
that  correlates  with  hypoxemia  and  visible  elec- 
troencephalographic  (EEC)  arousals.  However, 
not  all  breathing  irregularities  during  sleep  ter- 
minate with  visible  EEG  arousal.  We  hypothe- 
sized that  sleep  disturbance  without  visible  EEG 
change  may  impair  daytime  function.  Twelve  nor- 
mal subjects  spent  2  pairs  of  2  nights  each  in  the 
laboratory.  The  first  night  of  each  pair  was  for 
acclimatizafion.  On  the  second  night,  subjects 
either  slept  undisturbed  or  had  sleep  fragmented 
e\  ery  minute  to  cause  a  transient  increa.se  in  arte- 
rial blood  pressure  or  increase  in  heart  rate  with- 
out \  isible  EEG  arousal.  We  tested  daytime  func- 
tion after  each  study  night.  We  presented  253  ± 
23  tones  (mean  ±  SD),  79  ±  7%  of  which  did  not 
cause  visible  EEG  arousals.  Fragmentation  did 


not  alter  total  sleep  time  (undisturbed:  4 1 9  ±  27 
min:  fragmented:  414  ±  32  min;  p  =  0.5)  or  arousal 
frequency  (undisturbed:  22  ±4/h;  fragmented:  25 
±  6/h;  p  =  0.4).  Fragmentation  reduced  slow-wave 
sleep  (undisturbed:  24  ±  5%;  fragmented:  20  ± 
4%^;  p  <  0.01 ).  mean  sleep  onset  latency  on  the 
multiple  sleep  latency  test  (MSLT)  (undisturbed: 
8.0  ±  3. 1 ;  fragmented:  6.2  ±2.1  min;  p  =  0.01) 
and  the  maintenance  of  wakefulness  test  (MWT) 
(undisturbed:  29.0  ±  10.0  min;  fragmented  25.7 
±  9.7  min;  p  =  0.04).  Fragmentation  decreased 
hedonic  tone  at  7  AM  (27  ±  4.  25  ±  6:  p  =  0.03 ). 
Nonvisible  (autonomic)  sleep  fragmentation  makes 
nomial  subjects  sleepier  and  impairs  their  mood. 
See  ilie  reliiwd  editorial:  Sleep  Fragmentation 
and  Daytime  Wakefulness — \VH  Meiidehon.  ,-\in 
.1  Respir  Crii  Cure  Med  1997:155:1499-1500. 

Rapid  Diagnostic  Tests  for  Tuberculosis:  V\  hat 
Is  the  Appropriate  Use? — Report  of  the  Amer- 
ican Thoracic  Society  Workshop.  .'\m  J  Respir  Crit 
Care  Med  1997:155:1804. 

Recent  technologic  developments  ha\e  introduced 
a  number  of  improvements  in  the  ability  of  clin- 
ical laboratories  to  cultivate  and  identity  Myenhae- 
teriiim  tuberculosis  complex  more  quickly  than 
previously.  These  developments  include  more 
rapid  detection  of  growth  and  tests  to  identify  RNA 
or  DNA  of  M.  tuberculosis  complex  directly  in 
clinical  samples.  United  States  Food  and  Drug 
Administration  (FDA)  panels  have  recently  rec- 
ommended approv  al  of  2  direct  amplification  tests 
( DAT ).  the  GenProbe '  MTD  ( San  Diego  C A )  and 
the  AMPLICOR*  M.  tidwreulosis  test  (Roche 
Diagnostic  Systems  Inc.  Branchburg  NJ).  The 
FDA  has  approved  the  MTD  for  identification  of 
M.  tuberculosis  complex  in  respiratory  specimens 
that  are  smear-positive  for  acid-fa,st  bacilli  (AFB). 
In  addition,  the  specimen  must  be  from  a  patient 
w  ho  has  not  received  antituberculous  medication 
for  7  or  more  days  or  within  the  last  12  months. 
From  the  data  reviewed  by  the  FDA.  the  speci- 
ficity ( 100% )  and  sensitivity  (95%/96%-  in  the  2 
studies)  of  these  2  tests  in  AFB  smear-positive 
specimens  were  found  to  be  comparable  to  the 
Accuprobe  (Gen-Probe)  for  identification  of  W. 
tuberculosis  complex  in  culture,  with  the  advan- 
tage that  the  D.AT  results  are  available  much 
sooner.  The  DAT  are  significantly  more  sensitive 
than  the  AFB  smear.  However,  in  AFB  smear-neg- 
ative samples,  the  specificity,  sensitivity,  and  pos- 
itive predictive  value  were  96/99%.  48/53%^  and 
24/58%-.  respectively,  in  the  2  studies.  For  some 
results,  the  Gen-Probe  assay  had  the  higher  value 
and  for  others,  the  Roche  assay  was  higher.  The 
DAT  result,  particularly  when  discordant  with  the 
AFB  smear,  must  be  used  in  conjunction  with  clin- 
ical assessment.  While  both  (he  MTD  and  the 
AMPLICOR '  M.  tuberculosis  test  have  under- 
gone extensive  testing  in  clinical  laboratories,  nei- 
ther test  has  been  examined  for  its  utility  in  rou- 
tine clinical  use  or  public  health  settings  in  the 
United  States.  An  American  Thoracic  Society 
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Workshop  was  convened  to  examine  the  data  and 
technology  available  to  date,  to  develop  a  con- 
sensus addressing  the  appropriate  use  of  the  rapid 
diagnostic  tests  (in  particular.  DAT's)  for  tuber- 
culosis, and  to  identify  future  research  needs  and 
directions.  The  consensus  among  3  focus  groups, 
clinical,  laboratory,  and  public  health,  was  that, 
while  these  tests  are  a  major  improvement  over 
standard  techniques,  there  is  currently  insufficient 
information  on  their  clinical  and  public  health  util- 
ity. When  the  AFB  smear  and  DAT  are  both  pos- 
itive, the  diagnosis  of  tuberculosis  can  be  con- 
sidered to  be  established.  Funhennore.  when  the 
AFB  smear  is  negative  and  the  DAT  is  also  neg- 
ative, it  is  unlikely  that  M.  tuberculosis  will  be 
grown  from  that  sample.  When  there  is  discor- 
dance berween  the  AFB  smear  and  the  DAT,  addi- 
tional consideration  must  be  given  to  the  overall 
clinical  picture  and  repeat  testing  should  be  done. 
It  is  recommended  that  the  currently  available 
DAT's  always  be  perfomied  in  conjunction  with 
microscopy  and  culture,  and  each  test  result  must 
be  interpreted  within  the  overall  clinical  setting 
in  which  it  is  used.  See  the  related  editonal:  Rapid 
Diagnostic  Tests  for  Tuberculosis:  Progress  but 
No  Gold  Standard — PF  Barnes.  Am  J  Respir  Cril 
Care  Med  1997:155:1497-1498. 


Secondary  Failure  of  Nasal  Intermittent  Pos- 
itive Pressure  Ventilation  Using  the  Monnal 
D  KfTects  of  Changing  Ventilator — IE  Smith. 
JM  Shneerson.  Thorax  I997;52(  1  ):89. 

BACKGROUND:  Some  patients  staned  on  nasal 
intermittent  positive  pressure  ventilation  (NIPPV) 
with  the  Monnal  D  ventilator  deteriorate  after  a 
period.  The  effects  of  changing  them  to  the  Nippy 
ventilator  were  investigated.  METHODS:  The 
records  of  such  patients  were  examined  retro- 
spectively. Comparisons  were  made  between 
blood  gas  tensions  and  overnight  oximetry  records 
before  NIPPV,  12  weeks  after  the  initiation  of 
NIPPV  with  the  Monnal  D,  at  the  time  of  dete- 
rioration, and  12  weeks  after  initiation  of  treat- 
ment with  the  Nippy  ventilator.  RESULTS:  Ten 
patients  (7  women)  were  identified.  Prior  to  start- 
ing NIPPV  their  mean  (SD)  age  was  59.6  (8.39) 
years  and  their  mean  arterial  oxygen  and  carbon 
dioxide  tensions  (Pji,,  and  Pjco;)  while  breath- 
ing air  were  6. 1  (1.79)  and  9.6  (3.28)  kPa.  respec- 
tively. All  were  started  on  NIPPV  with  the  Mon- 
nal D  with  improvements  in  symptoms.  PaO;- 
PaCO;,  and  overnight  oximetry  after  12  weeks  of 
treatment.  After  a  mean  interval  of  1 18  (69.0) 
weeks  all  mea.sures  of  ventilation  had  deteriorated 


and  the  patients  were  converted  to  the  Nippy  ven- 
tilator. Twelve  weeks  after  initiation  of  treatment 
with  the  Nippy  ventilator  symptoms  and  overnight 
oximetry  were  improved  again  and  the  mean  PaO: 
and  Paco:  were  8.9  (1.27)  and  6.9  (0.4.'S)  kPa, 
respectively.  After  a  total  mean  period  of  59  (26.9) 
weeks  on  the  Nippy  all  but  I  of  the  patients  have 
maintained  this  improvement.  CONCLUSIONS: 
Support  with  NIPPV  using  the  Monnal  D  ven- 
tilator may  fail  after  an  interval  and  changing  to 
the  Nippy  ventilator  can  reverse  this  deteriora- 
tion, probably  because  of  its  superior  respon- 
siveness to  leaks  and  patient  effort.  The  regular 
follow  up  of  patients  on  long-term  NIPPV  is  nec- 
essary if  secondary  treatment  failure  is  to  be  iden- 
tified and  effectively  treated. 

Management  of  Acute  Respiratory  Failure  in 
Chronic  Obstructive  Pulmonary  Disea.sc — DJ 

Zuege.  WA  Whitelaw.  Curr  Opin  Pulm  Med 
1997:3(3):  190. 

Acute  respiratory  failure  in  the  setting  of  preex- 
isting chronic  obstructive  pulmonary  disease 
(COPD)  is  a  common  reason  for  hospitalization 
and  results  in  the  consumption  of  a  substantial 
amount  of  health  care  resources.  In  recent  years. 
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new  Iherapies  ha\e  been  proposed,  and  new  infor- 
nialion  about  older  therapies  has  become  avail- 
able. Noninvasive  ventilation  is  finding  an  impor- 
tant place  as  a  means  of  avoiding  tracheal 
intubation.  The  role  of  bacterial  infection  as  a  fre- 
quent precipitant  to  acute  respiratory  failure  in 
COPD  remains  poorly  defined  and  presumptive 
antibiotic  therapy  remains  controversial.  Vas(xli- 
lators  of  the  pulmonary  circulation  have  received 
much  attention  but  so  far  ha\e  been  disappoint- 
ing in  tliis  siniation.  Ilie  role  ot  several  other  tradi- 
tional therapies,  such  as  mucolytics  and  methods 
of  secretion  removal,  have  also  been  challenged 
in  recent  years.  In  this  review  we  focus  or  recent 
advances  in  the  assessment  aitd  management  of 
acute  respiratory  failure  in  the  setting  of  pre-exist- 
ing COPD. 

The  Relationship  between  Airway  Carbon 
Dioxide  Kxcretion  and  Cardiac  Output  dur- 
iii);  Cardiopulmonary  Resuscitation — SR  Blu 

menlhal.  WD  Voorhees.  Resuscitation  1497:34 

There  is  currently  no  practical  method  for  deter- 
mining caixliopulmonary  resuscitation  (CPR)  effi- 


cacy in  the  field.  We  investigated  the  relationship 
between  the  volume  of  carbon  dioxide  (COi| 
excreted  in  the  airway  (CO2EX)  when  tidal  vol- 
ume and  respiratory  rate  are  controlled,  and  car- 
diac output  (CO.).  an  indicator  of  CPR  efficacy, 
to  determine  the  potential  of  COiEX  as  a  prac- 
tical noninvasive  field  monitor  of  CPR  efficacy. 
Thirteen  mongrel  dogs  were  anesthetized,  instru- 
mented, and  ventilated  I  ^  times/min  at  a  fixed  tidal 
volume  with  an  infrared  airway  CO2  sensor. 
CO2EX  =  Pco.Vbar.  press  x  Vj  x  breaths/min.  and 
expressed  in  mL/min/kg.  Sequences  of  control. 
CPR  with  .V4  different  compression  forces,  and 
recovery  measurements  were  recorded  10-15 
times/iuiimal.  CO:E.\  and  CO.  fell  simultiuieoiisly 
with  ventricular  fibrillation.  CPR  immediately 
increased  CO2EX  and  CO.  Both  changed  con- 
sistently and  in  the  same  direction  as  compres- 
sion force.  Return  of  spontaneous  circulation 
immediately  increased  CO2EX  and  CO.  above 
controls,  with  a  gradual  return  to  control  levels. 
CO2EX  was  always  below  8  niL-COi/min/kg  dur- 
ing CPR  and  above  this  during  spontaneous  cir- 
culation. With  aheoliir  ventilation  controlled.  CO2 
movement  is  regulated  by  CO..  CO.  distribution 
and  CO2  stores  shifts.  Normally.  CO.  accounts 


for  15%  of  CO2EX  variability.  In  this  study  CO. 
accounted  for  >  or  =  65%  of  CO2EX  variability 
during  CPR.  indicating  COjEX  changes  were  pri- 
marily due  to  CO.  changes.  When  ventilation  is 
controlled.  CO2EX  during  CPR  reliably  tracks 
changes  in  CO.  Therefore.  CO2EX  may  provide 
a  practical  noninvasive  method  of  determining 
CPR  efficacy  as  the  CPR  is  being  performed. 

Redefining  End  of  Test  (EOT)  Criteria  for  Pul- 
monary Function  Testing  in  Children — KJ 

Desmond.  PD  .Mien.  DL  Demizio.  T  Kovesi.  AL 
Coates.  Am  J  Respir  Crit  Care  Med  1997;156:542. 

In  order  for  an  individual  FVC  maneuver  to  be 
considered  acceptable  according  to  the  1994  Am- 
erican Thoracic  Society  (ATS)  standards  it  must 
meet  end  of  test  (EOT)  criteria  of  a  minimum  expi- 
ration time  of  6  seconds  with  minimal  volume 
change  (0.03  L)  over  I  second.  We  have  found 
that  while  these  criteria  are  often  not  met  in  chil- 
dren, most  of  the  tests  do  meet  the  ATS  criteria 
for  reproducibility  with  repeated  efforts.  We.  there- 
fore, sought  10  develop  new  EOT  criteria  that 
would  be  more  appropriate  for  children  and  in 
keeping  with  the  findings  for  repncxiucibility.  Using 
an  exponential  curve  fitting  of  the  volume  time 
tracing,  we  determined  a  theoretical  curve  that 
closely  approximated  the  actual  curve  (mean  dif- 
ference between  actual  and  denved  FEVi  0.01  ± 
0.04  L).  The  theoretical  FVC  (FVCKiLL)  at  the 
point  where  the  curve  reached  its  asymptote  was 
Ihen  determined  using  the  fitted  curve.  Since  this 
point  could  be  difficult  to  reach  for  some  patients. 
959;  of  FVCpuLL  (FVC95)  was  proposed  as  the 
new  EOT  in  children.  Data  from  382  patients 
were  reviewed.  Their  ages  ranged  from  5  to  18 
years  and  their  FEV|S  from  21  to  120%  of  pre- 
dicted. Only  1 9%  of  the  patients  met  current  ATS 
EOT  requirements  despite  the  fact  that  9 1  %  met 
llie  reprixjucibility  criteria  lor  both  FEVi  and  FVC. 
However.  90%  of  them  reached  their  FVC95. 
When  this  was  broken  down  by  age.  37%  of  those 
<  7  years  failed  to  reach  FVC95  whereas  only  4% 
of  the  older  children  failed  to  do  so.  It  is  proposed 
that  patients  be  coached  to  obtain  maximal  effort 
and  that  the  curves  be  individually  fitted  to  an 
exponential  equation  to  determine  whether  the 
patient  has  achieved  EOT  as  defined  by  FVC9.S. 

Kfl'ect  of  Surgical  I.ung  \  olimie  Reduction  on 
Breathing  Patterns  in  Se\ere  Pulmonary  Em- 
physema— KE  BUxh.  Y  Li.  J  Zliang.  R  Bingisser. 
V  Kaplan.  W  Wcder.  EW  Russi.  Am  J  Respir  Crit 
Care  Med  1997;156:553. 

Surgical  lung  volume  reduction  may  improve  pul- 
monary function  and  dyspnea  in  advanced  pul- 
monary emphysema.  To  investigate  mechanisms 
of  these  beneficial  effects  we  studied  breathing 
pattems  before  and  after  surgery.  Nineteen  patients 
with  diffuse  pulmoniiry  emphysema  (FEV|  <  35% 
of  predicted,  total  lung  capacity  >  1 30%  predicted) 
were  studied  within  1  month  before,  and  1 .5  to 
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7  months  after  thoracoscopic  volume  reduclion. 
Changes  of  rib  cage  and  abdominal  volumes  were 
monitored  with  calibrated  respiratory  inductive 
plethysmography  for  20  to  60  minutes  during  nat- 
ural breathing  at  rest.  Pulmonary  function  and  dys- 
pnea were  also  assessed.  Postoperative  tidal  vol- 
umes, respiratory  cycle  times,  and  minute  ven- 
tilation were  not  significantly  different  from  pre- 
operative values.  The  contribution  of  abdominal 
volume  changes  to  tidal  volumes  increased  from 
a  mean  ±  SD  of  43  +  1 7%  preoperatively  to  58 
±  \4%  postoperatively  (p  =  0.03).  The  fraction 
of  inspiratory  time  with  abdominal  paradoxical 
motion  decreased  (Vom  1 2.3  ±  8.3%  preoperatively 
to  5. 1  ±  5. 1  %  postoperatively  (p  =  0.02 ).  The  phase 
shift  between  rib  cage  and  abdominal  motion  was 
reduced  postoperatively.  Hyperinflation,  airway 
obstruction,  and  subjective  ratings  of  dyspnea  were 
significantly  improved.  The  better  synchroniza- 
tion of  rib  cage-abdominal  motion  and  the  greater 
contribution  of  abdominal  volume  changes  to  tidal 
volumes  are  consistent  with  a  reduction  of  inspi- 
ratory loading  and  a  greater  force-generating  ca- 
pacity of  the  diaphragm  after  surgery. 

Lung  Volume  Reduction  Surgery  Improves 
Maximal  O2  Consumption,  Maximal  Minute 
Ventilation,  O2  Pulse,  and  Dead  Space-to-Tidal 
Volume  Ratio  during  Leg  Cycle  Ergometry — 

JO  Benditt,  S  Lewis.  DE  Wood.  L  Klima,  RK 
Albert.  Am  J  RespirCnt  Care  Med  1997;156:561. 

Early  experience  suggests  that  lung  volume  reduc- 
tion surgery  improves  exercise  tolerance  as  mea- 
sured by  the  6-minute  walk  distance  in  patients 
with  emphysema.  To  identify  the  physiologic 
mechanism(s)  by  which  lung  volume  reduction 
surgery  improved  exercise,  we  performed  pro- 
gressive cardiopulmonary  exercise  testing,  includ- 
ing rest  and  peak  exercise  blood  gas  determina- 
tions, on  21  consecutive  patients  before  and  3 
months  after  lung  volume  reduction  surgery.  Max- 
imal work  (median,  range.  %  change)  increased 
1 7.5  watts  (-13  to  -(44  watts,  46%.  p  <  0.05).  max- 
imal oxygen  consumption  increased  0.16  L/min 
(-0.17  to  -fO.48.  25%.  p  <  0.05).  maxmial  ven- 
tilation increased  6.6  L/min  (-7  to  -1-26  L/min. 
27% ,  p  <  0.05 ).  and  the  dead  space/tidal  volume 
ratio  at  peak  exercise  decreased  0.07  (-0.22  to 
-1-0.09,  1 2%!.  p  <  0.05).  exclusively  as  a  result  of 
an  increase  in  the  tidal  volume.  After  lung  vol- 
ume reduction  surgery  heart  rate  decreased  at  the 
point  of  isowatt  exercise,  from  115  to  111 
beats/min  (p  <  0.05).  No  difference  was  observed 
in  the  other  physiologic  variables  measured  at 
isowatt  exercise.  In  1 3  patients  exercised  while 
breathing  room  air.  the  alveolar-to-arterial  O2  dif- 
ference increased,  and  the  arterial  O:  tension 
decreased  from  rest  to  peak  exercise  both  before 
and  after  the  operation,  but  significant  changes 
in  this  response  were  not  observed  after  surgery. 
The  primary  problem  limiting  exercise  perfor- 
mance in  these  patients  was  the  limited  venti- 
latory capacity  as  1 6  and  1 3  of  the  2 1  subjects  de- 


veloped acute  respiratory  acidemia  at  peak  exer- 
cise before  and  after  surgery,  respectively.  Lung 
volume  reduction  surgery  in  patients  with  severe 
emphysema  improved  maximal  ventilation,  there- 
by improving  maximal  exercise  pertbrmance. 

Salmeterol  Reduces  Dyspnea  and  Improves 
Lung  Function  in  Patients  with  COPD — A 

Ramirez- Venegas.  J  Ward.  T  Lentine,  DA  Mahler. 
Chest  1997;112(2):336. 

OBJECnVE:  To  investigate  the  shon-term  effects 
of  inhaled  salmeterol  on  the  perception  of  dys- 
pnea and  lung  function  in  patients  with  COPD. 
DESIGN:  Double-blind,  crossover,  randomized 
trial  comparing  inhaled  salmeterol  and  inhaled 
placebo  over  4  hours.  SETTING:  Pulmonary  func- 
tion laboratory  at  university  medical  center. 
PATIENTS:  Sixteen  patients  with  symptomatic 
COPD  and  at  least  200-mL  increase  in  FEV,  after 
inhalation  of  2  puffs  ( 180/jg)  of  albuterol.  INTER- 
VENTIONS: Visit  1  was  used  for  familiarization. 
At  visits  2  and  3  (2  to  3  days  apart),  patients  in- 
haled either  2  puffs  of  salmeterol  (42  ^g)  or 
placebo.  MEASUREMENTS  &  RESULTS:  Lung 
function  and  dyspnea  were  measured  at  0.5, 2,  and 
4  hours  after  inhalation  of  the  study  medication. 
Dyspnea  was  measured  by  the  -5  to  +5  category 
scale  at  rest  and  by  the  0  to  10  category-ratio  scale 
while  breathing  through  inspiratory  resistances 
of  5.  15,  and  30  cm  H;0/L/s.  Age  was  66  ±  8  years 
(mean±SD).  FEV|  was  0.97  ±0.331  (51  ±  13% 
predicted).  There  were  significantly  higher  val- 
ues for  FEV|  and  FVC  (at  all  time  periods)  and 
lower  values  for  functional  residual  capacity  (at 
all  time  periods)  and  residual  volume  (at  4  h)  with 
salmeterol  than  with  placebo.  There  were  sig- 
nificantly lower  dyspnea  ratings  on  the  -5  to  -h5 
category  scale  (p  =  0.03  at  2  h  and  p  =  0.02  at  4 
h)  and  for  the  mean  dyspnea  scores  during  resis- 
tive breathing  with  salmeterol  compared  with 
placebo(p  =  0.002).  CONCLUSIONS:  Inhaled 
salmeterol  reduced  dyspnea,  increased  airflow, 
and  reduced  hyperinflation  over  4  hours  in  patients 
with  symptomatic  COPD. 

Home  Oxygen  Therapy  in  Medicare  Benefi- 
ciaries, 1991  and  1992— BG  Silverman,  TP 
Gross,  JD  Babish.  Chest  1997;1 12(2):380. 

OBJECTIVE:  Obtain  descriptive  data  on  the  use 
of  home  oxygen  by  Medicare  beneficiaries  and 
study  the  impact  of  certain  demographic  factors 
and  diagnoses  on  oxygen  use.  METHODS:  A 
home  oxygen  user  was  defined  as  any  Medicare 
beneficiary  with  at  least  1  claim  for  home  oxy- 
gen in  the  Health  Care  Financing  Adminisffation 
National  Claims  History  5%  Physician  Supplier 
Files  for  1991  and  1992.  Railroad  board  benefi- 
ciaries, health  maintenance  organization  members, 
and  those  without  continuous  part  B  coverage  were 
excluded.  RESULTS:  In  1991.  there  were  21,489 
beneficiaries  in  the  sample  who  received  oxygen 
therapy.  In  1992.  there  were  8.418  new  users. 


Twenty-six  pendent  of  new  users  died  in  1992.  Fac- 
tors significantly  associated  with  death  included 
age  76  years  or  older  (relative  risk  [RR].  1 .3),  pneu- 
monia (RR.  1.3).  lung  cancer  (RR.  3.8).  malegen- 
der(RR.  1.2),  heart  failure  (RR.  1.3),  and  diag- 
noses suggestive  of  COPD  (RR,  0.45).  Seven 
percent  of  new  users  discontinued  therapy  within 
I  month.  28%-  within  6  months.  Liquid  oxygen 
was  used  by  1 9%  of  current  and  1 4%  of  new  users. 
Factors  significantly  associated  with  liquid  oxy- 
gen use  included  portable  oxygen  claims  (odds 
ratio  [OR].  2.4).  nonmetfopolitan  residence  (OR, 
0.73).  and  white  race  (OR.  1 .2).  CONCLUSIONS: 
Descriptive  information  on  patterns  of  home  oxy- 
gen use.  including  associated  medical  conditions, 
types  and  duration  of  therapy,  and  survival  is  use- 
ful for  regulatory  purposes.  This  information  sup- 
ports concerns  that  current  payment  policy  may 
discourage  suppliers  from  providing  liquid  oxy- 
gen in  underserved  areas. 
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Predictors  of  Lung  Infection  among  Hospitalized  Patients 
Undergoing  Bronchoalveolar  Lavage 

Marin  H  Kollef  MD  FCCP,  Theodore  J  Gronski  MD  FCCP,  Suzanne  Ward  RN, 

and  Steven  D  Shapiro  MD  FCCP 


STUDY  OBJECTIVE:  To  identify  predictors  oflung  infection  and  mortality 
among  hospitalized  patients  with  undiagnosed  pulmonary  infiltrates  under- 
going bronchoalveolar  lavage  (BAD.  DESIGN:  Prospective  cohort  study. 
SETTING:  Barnes-Jewish  Hospital,  St  Louis,  a  university-affiliated  teach- 
ing hospital.  PATIENTS:  Eighty-two  consecutive  hospitalized  patients  with 
undiagnosed  pulmonary  infiltrates.  INTERVENTIONS:  BAL,  prospective 
patient  surveillance,  and  data  collection.  MEASUREMENTS  &  RESULTS: 
Forty -seven  (57.3% )  patients  were  classified  as  having  a  lung  infection  based 
on  microbiologic  cultures  or  special  stains  of  BAL  fluid  and/or  histologic  exam- 
ination oflung  tissue  specimens.  The  remaining  35  (42.T7( )  patients  were  clas- 
sified as  having  a  noninfectious  etiology  as  the  cause  of  their  pulmonary  infil- 
trates. Multiple  logistic  regression  analysis  demonstrated  that  a  concentration 
of  endotoxin  in  BAL  fluid  >  5  EU/mL  (adjusted  OR  =  22.3;  95%  CI  =  9.5  to 
52.4;  p  <  O.OOI )  was  the  only  independent  predictor  of  a  final  diagnosis  of  lung 
infection.  A  "high"  clinical  suspicion  for  the  presence  of  lung  infection  by  the 
patient's  attending  physician  (adjusted  OR  =  6.0;  95%  CI  =  2.2  to  16.6;  p  = 
0.079)  was  the  next  best  predictor  variable  identified.  Lung  infection  was  diag- 
nosed in  93.5%  of  patients  (n  =  31)  when  both  of  these  predictor  variables 
were  present,  in  42.5%  of  patients  (n  =  40)  having  only  I  of  these  predictor 
variables  present,  and  in  9.1  %  of  patients  (n  =  1 1 )  with  neither  predictor  vari- 
able present  ( p  <  0.00 1 ).  The  presence  of  multiorgan  dysfunction  at  the  time 
of  BAL  was  the  most  accurate  determinant  of  hospital  mortality  (p  <  0.001 ). 
The  Lung  Injury  Score  (adjusted  OR  =  2.1;  95%  CI  =  1.5  to  3.0;  p  =  0.037), 
severity  of  illness  as  assessed  by  APACHE  II  (adjusted  OR  =  1.5;  95%  CI 
=  1.4  to  1.6;  p  <  0.001 ).  and  the  presence  of  matrix  metalloproteinases  in  BAL 
fluid  (adjusted  OR  =  5.8;  95%  CI  =  3.2  to  10.6;  p  =  0.004)  were  independently 
associated  with  the  development  of  multiorgan  dysfunction.  CONCLUSIONS: 
An  elevated  concentration  of  endotoxin  in  BAL  fluid  can  predict  the  pres- 
ence or  absence  of  lung  infection  among  hospitalized  patients  with  undiag- 
nosed pulmonary  infiltrates.  [RespirCare  1997;42(  10):935-945] 


Ttie  autliors  are  associated  with  the  Department  of  Internal  Medicine. 
Pulmonary  &  Critical  Care  Division.  Washington  University  School  of 
Medicine — St  Louis.  Missouri. 

This  research  was  supported  in  part  by  grants  from  the  American  Lung 
Association  of  Eastern  Missouri  and  Merck  and  Co  Inc.  A  version  of  this 
paper  was  presented  during  the  American  Thoracic  Society  National  Meet- 
ing in  San  Francisco.  May  1997. 

Correspondence  &  Reprints;  Marin  H  Kollef  MD  FCCP.  Pulmonary  & 
Critical  Care  Division.  Washington  University  School  of  Medicine,  Box 
8052.  660  South  Euclid  Avenue.  Si  Louis  MO  63110.  E-mail: 
marin@wupulm3.wustLedu 


Introduction 

Suspected  lung  infection  is  a  common  indication  to  per- 
fomi  bronchoalveolar  lavage  (BAL)  among  patient.s  requir- 
ing hospitalization.'  Establishing  a  rapid  diagnosis  of  lung 
infection  and  identifying  the  etiologic  agent(s)  of  infection, 
especially  among  imnuinocompromised  patients,  are  impor- 
tant to  ensure  that  appropriate  antimicrobial  therapy  is  admin- 
istered. However,  the  evaluation  of  clinical  and  radiographic 
features  usually  cannot  differentiate  between  patients  with 
lung  infection  and  patients  with  noninfectious  etiologies  lor 
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their  pulmonary  infiltrates.- '  More  importantly,  the  use  of 
clinical  criteria  alone  to  establish  a  diagnosis  of  lung  infec- 
tion, for  both  hospitalized  patients  and  patients  with  suspected 
community-acquired  infection,  frequently  results  in  the  admin- 
istration of  inappropriate  or  inadequate  antimicrobial  ther- 
apy.''' In  addition,  it  has  been  suggested  that  failure  to  estab- 
lish a  precise  diagnosis  of  lung  infection  or  failure  to  administer 
appropriate  antimicrobial  therapy  can  result  in  a  greater  hos- 
pital mortality  rate.^  Therefore,  methods  aimed  at  improv- 
ing the  ability  of  clinicians  to  accurately  and  rapidly  diag- 
nose the  presence  of  lung  infection  could  result  in  improved 
patient  outcomes. 

The  main  goal  of  this  preliininary  investigation  was  to  iden- 
tify predictors  of  lung  infection  among  hospitalized  patients 
with  undiagnosed  pulmonary  infiltrates  undergoing  BAL.  Pre- 
vious studies  examining  the  utility  of  clinical  criteria  for  estab- 
lishing the  diagnosis  of  lung  infection  have  focused  primar- 
ily on  specific  subgroups  of  patients,  particularly  those  with 
suspected  ventilator-associated  pneumonia.'  '"''*  We  chose  to 
evaluate  a  consecutive  sample  of  all  hospitalized  patients  with 
undiagnosed  pulmonary  infiltrates  undergoing  BAL,  not  just 
patients  clinically  suspected  of  having  nosocomial  bacterial 
pneumonia.  We  purposely  selected  this  heterogeneous  cohort 
of  patients  for  examination  because  it  should  be  representa- 
tive of  the  varied  mix  of  hospitalized  patients  usually  referred 
for  diagnostic  BAL.' '' '"  Our  secondary  aim  was  to  identify 
both  clinical  and  bronchoscopic  predictors  of  mortality,  avail- 
able at  the  time  of  BAL.  The  importance  of  this  latter  goal  is 
that  it  could  allow  for  a  better  understanding  of  the  detenni- 
nants  of  outcome  among  hospitalized  patients  undergoing  BAL. 

Methods 

Study  Location  &  Patients 

ftu'  study  was  conducted  at  Barnes- Jewish  Hospital,  a  9(X)- 
bed.  university-affiliated  teaching  hospital.  During  a  4-month 
period  (May  \99b  through  August  1996).  all  hospitalized 
patients  with  undiagnosed  pulmonary  infiltrates  undergoing 
BAL  for  suspected  lung  infection  were  prospectively  eval- 
uated. The  study  was  approved  by  the  Washington  Univer- 
sity School  of  Medicine  Human  Studies  Committee. 

Study  Design  &  Data  Collection 

A  prospective  cohort  study  design  was  used  to  identify 
potential  predictor  variables  for  the  presence  of  lung  infec- 
tion and  hospital  mortality  in  this  patient  population.  Clin- 
ical variables  evaluated  as  predictors  had  to  he  readily  avail- 
able at  the  time  that  diagnostic  BAL  was  performed.  Specific 
characteristics  of  BAL  fluid,  .selected  according  to  a  review 
of  the  medical  literature  and  the  experience  of  the  investi- 
gators, were  also  evaluated  as  potential  predictors  for  these 
two  outcomes. 


For  all  study  patients,  the  characteristics  prospectively 
recorded  by  one  of  the  investigators  were  age,  sex,  APACHE 
II  score  (Acute  Physiology  and  Chronic  Health  Evaluation 
11)."  diagnosis  at  hospital  admission.  Premorbid  Lifestyle 
Score,'-  prior  nursing  home  residence,  hospitalization  witliin 
the  preceding  8  weeks  of  the  current  admission,  presence 
of  chronic  obstructive  pulmonary  disease  (COPD)  or  con- 
gestive heart  failure  requiring  medical  treatment,  immuno- 
suppression, underlying  malignancy,  the  Lung  Injury  Score," 
smoking  and  alcohol  use.  presence  of  a  tracheostomy,  anti- 
biotic usage  prior  to  BAL,  new  or  progressive  radiographic 
infiltrates,  need  for  mechanical  ventilation,  development  of 
the  acute  respiratory  distress  syndrome  ( ARDS),  body  tem- 
perature, leukocyte  count,  presence  or  absence  of  purulent 
tracheobronchial  secretions,  acquired  organ  system  derange- 
ments, and  hospital  mortality.  In  addition,  the  attending  physi- 
cian's clinical  suspicion  for  the  presence  of  lung  infection 
and  the  most  likely  etiologic  agent(s)  of  infection  were  re- 
corded prior  to  obtaining  the  BAL  results.  All  chest  roent- 
genograms were  prospectively  reviewed  by  the  principal 
investigator  (MK),  as  were  the  roentgenographic  reports  (24 
to  48  hours  later)  for  independent  confirmation  of  the  pres- 
ence or  absence  of  nev\  or  progressi\  e  pulmonary  infiltrates. 
The  results  of  special  stains  and  cultures,  differential  cell 
counts  of  nucleated  cells,  and  assays  determining  the  quan- 
tity of  endotoxin  and  the  qualitative  presence  or  absence  of 
matrix  metalloproteinases  (MMPs)  within  the  BAL  fluid 
samples  were  also  recorded.  The  identification  of  MMPs  in 
BAL  fluid  was  used  as  a  marker  for  cell  membrane  injury 
within  the  lung.'"* 

All  patients  were  prospectively  screened  for  possible  alter- 
native causes  for  fe\er  and  radiographic  densities  as  sug- 
gested by  other  investigators.'-''  The  presence  of  atelecta- 
sis was  defined  by  the  complete  disappearance  of  the 
radiographic  densities  within  48  hours  of  evaluation.  Con- 
gestive heart  failure  was  defined  by  a  suggestive  hemo- 
dynamic profile  on  pulmonary  artery  catheterization  (ie, 
increased  pulmonary  artery  occlusion  pressure)  and  the  res- 
olution of  the  pulmonary  infiltrates  following  treatment  with 
diuretics.  The  diagnoses  of  pulmonary  fibrosis,  lung  rejec- 
tion following  transplantation,  bronchiolitis  obliterans  orga- 
nizing pneumonia  (BOOP).  and  diffuse  alveolar  damage  were 
based  on  compatible  histologic  findings  from  lung  biopsy 
specimens.  .Alveolar  hemoiThage  was  diagnosed  when  BAL 
demonstrated  increasingly  bloody  returns  with  each  sub- 
sequent aliquot  of  administered  lavage  tluid  anil  hemosiderin- 
laden  macrophages  were  seen  on  microsciipic  examination. 
The  presence  of  the  acute  respiratory  distress  syndrome 
(ARDS)  was  defined  as  impaired  oxygenation  (ie.  PaO;/Fio: 
<  2(K).  regardless  of  the  level  of  PEEP),  the  presence  of  bilat- 
eral pulmonary  infiltrates,  and  a  pulmonary-artery  occlu- 
sion pressure  <  18  mm  Hg  or  no  clinical  evidence  of  ele- 
vated left  atrial  pressure  on  the  basis  of  the  chest  radiograph 
and  other  clinical  data. 


936 


Re.spir,-\tory  Care  •  October  "97  Vol  42  No  10 


Predictors  of  Lung  Infection 


Definitions 


Lavage  Procedure 


The  definition  of  lung  infection  was  modified  from  cri- 
teria established  by  the  American  College  of  Chest  Physi- 
cians.'* Lung  infection  was  considered  to  be  present  when 
a  new  or  progressive  pulmonary  infiltrate  de\eloped  in  con- 
junction with  one  of  the  following:  radiographic  evidence 
of  pulmonary  abscess  formation  (ie.  cavitation  within  pre- 
existing pulmonary  infiltrates),  histologic  evidence  of  infec- 
tion in  lung  tissue,  substantial  growth  of  bacterial  pathogens 
(ie,  >  103  cfu/mL)  on  a  quantitative  culture  obtained  from 
the  lower  airways  using  BAL.  identification  of  a  known  spe- 
cific pathogen  from  BAL  fluid  cultures  or  special  stains  (eg. 
Legionella  species,  Mycobacterium  tiihercitlosis.  influenza 
virus,  Pneuinocxstis  cariiiii).  or  a  positive  blood  or  pleural 
fluid  culture.  Blood  and  pleural  fluid  cultures  could  not  be 
related  to  another  source,  and  both  had  to  be  obtained  within 
48  hours  before  or  after  respiratory  sampling.  Microorgan- 
isms recovered  from  blood  or  pleural  fluid  cultures  also  had 
to  be  identical  to  the  organisms  recovered  from  cultures  of 
respiratory  secretions. 

Lung  infection  was  considered  to  be  absent  when  post- 
mortem examination  (within  5  days  of  the  suspicion  of  lung 
infection)  showed  no  histologic  evidence  of  lung  infection: 
a  definitive  alternative  cause  was  established:  or  no  growth 
or  identification  of  a  pulmonary  pathogen  occuned  from  BAL 
fluid  cultures  and  lung  tissue  specimens  in  association  with 
the  resolution  of  one  of  the  following:  fever,  infiltrate,  or  leuko- 
cytosis. This  last  criterion  was  required  to  occur  without  the 
addition  of  antimicrobial  therapy  or  without  a  change  in  pre- 
existing antimicrobial  therapy. '^ 

A  clinical  response  to  antimicrobial  therapy  was  defined 
as  resolution  or  demonstrable  improvement  in  lung  infiltrates. 
unrelated  to  other  interventions,  along  w  ith  at  least  two  of  the 
following  criteria:  decrease  in  core  temperature  by  >  1 .0  °C 
and  <  38.3  °C:  improvement  in  oxygenation  as  demonstrated 
by  a  decrease  in  Fio,  requirements;  resolution  of  leukocytosis 
(white  blood  cell  count  <  10,000  mm  '):  resolution  of  puru- 
lent secretions. 

Acquired  multiorgan  dysfunction  was  defined  as  derange- 
ments in  function  involving  three  or  more  separate  organ  sys- 
tems (lung,  heart,  liver,  kidney,  bone  marrow,  central  ner- 
vous system,  ga,strointestinal  system)."^'''  Immunosuppression 
was  considered  to  be  present  in  patients  receiving  corti- 
costeroids (>  10  mg  of  prednisone  daily  or  the  equivalent 
dose  of  another  corticosteroid),  having  a  positive  human 
immunodeficiency  virus  antibody  (HIV)  titer,  having  received 
chemotherapy  during  the  45  days  prior  to  evaluation,  hav- 
ing neutropenia  (absolute  neutrophil  count  <  0.5  x  109/L), 
or  having  received  an  organ  transplant.  Alcohol  use  was 
defined  as  the  reported  daily  ingestion  of  alcohol.  For  pur- 
poses of  this  study  antipseudomonal  antibiotics  include 
ciprofloxacin,  ceftazidime,  imipenem,  pipercillin.  and  ticar- 
cillin  with  clavulanic  acid. 


BAL  was  performed  using  either  bronchoscopic  guidance 
or  with  a  commercially  available  telescoping  catheter  (BAL 
Cath.  Ballard  Medical  Products.  Draper  UT).  Nonbroncho- 
scopic  BAL  was  peifomied  by  respiratory  therapists  in  patients 
requiring  mechanical  ventilation  who  had  preexisting  arti- 
ficial airways.  All  bronchoscopies  were  administered  in  a  .stan- 
dard manner  by  attending  pulmonary  physicians  or  by  pul- 
monary disease  fellows  under  the  supervision  of  attending 
physicians.-"  Those  patients  who  did  not  have  an  artificial 
airway  were  orally  intubated  using  bronchoscopic  guidance 
after  first  receiving  5  to  10  niL  of  3%  lidocaine  by  nebulization. 
Lidocaine  ( 10  mL,  \9c)  was  instilled  down  the  endotracheal 
tube  prior  to  passage  of  the  bronchoscope.  The  bronchoscope 
was  then  advanced  through  the  endotracheal  tube  to  a  lung 
segment  corresponding  to  an  area  of  radiographic  infiltrate 
and  then  pushed  into  the  bronchial  orifice  until  resistance  was 
met  (ie,  wedged  position). 

Nonbronchoscopic  BAL  (ie.  mini-BAL)  was  performed 
by  passing  the  telescoping  catheter  through  the  endotracheal 
tube  using  an  accompanying  prepackaged  access  port  adapter. 
The  curved  tip  of  the  catheter  was  directed  towaid  the  desired 
lung  and  advanced  until  resistance  was  met,  after  which  the 
inner  catheter  was  similarly  advanced  until  resistance  wiis  again 
encountered,  signifying  that  it  was  in  a  wedged  position.-'  Three 
aliquots  of  50-mL  sterile,  physiologic  saline  solution  were 
injected  through  the  channel  of  the  bronchoscope  or  the  tele- 
scoping catheter  and  then  recovered  using  the  same  syringe. 
TTie  renim  from  the  last  two  aliquots  of  lavage  fluid  were  pooled 
yielding  the  BAL  specimen.  Both  bronchoscopic  BAL  and 
mini-BAL  have  been  validated  as  accurate  techniques  for  the 
diagnosis  of  lung  infections.-"  -- 

Microbiologic  Processing 

All  BAL  specimens  were  divided  and  hand  carried  to  the 
microbiology  laboratory  within  1  hour  of  collection.  Three 
to  five  drops  of  the  BAL  fluid  were  placed  in  cytospin  tubes 
and  centrifuged  at  1000  ipm  for  6  minutes.  Slides  were  pre- 
pared and  stained  using  the  Gram  method.  The  slides  were 
examined  at  low  magnification  (25  x)  for  the  presence  and 
quantity  of  cells.  Examination  at  high  power  ( 100  x)  was  sub- 
sequently performed  to  identify  either  extracellular  or  intra- 
cellular bacteria. 

All  BAL  fluid  specimens  were  centrifuged  for  30  to  60  sec- 
onds. A  O.OI-mL  calibrated  loop  was  placed  into  the  BAL  fluid 
specimen  and  then  onto  the  center  of  3  media  plates  (blood 
agai'.  chocolate  agar,  and  MacConkey  agar).  The  media  plates 
were  then  streaked  using  tlie  pinwheel  streak  method  and  incu- 
bated in  CO2  at  35  °C.-^  Bacterial  growth  was  quantitated 
according  to  the  number  of  colonies  observed  per  plate.  Fewer 
than  10  colonies/plate  represented  less  than  lO'cfu/mL;  10 
to  100  colonies/plate  represented  10'  to  lO'*  cfu/mL:  100  to 
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1  ()(){)  colonies/plate  represented  I  ft*  to  lO'  cfu/mL:  and  more 
than  1000  eolonies/plate  represented  greater  than  lO""  cfu/mL. 
All  identified  microorganisms  and  their  antibiotic  sensitiv- 
ities were  reported.  Antibiotic  sensitivities  were  obtained  using 
standard  disc  ditfusion  methods.  We  used  a  culture  thresh- 
old of  >  10'  cfu/mL  to  support  the  presence  of  bacterial  pneu- 
monia. This  threshold  was  selected  to  optimize  the  sensitivity 
of  this  test  for  the  diagnosis  of  bacterial  pneumonia.-""  In  addi- 
tion, all  BAL  fluid  samples  were  routinely  stained  and  cul- 
tured for  Leifioiu'llci  species,  mycobacteria,  fungi,  viruses. 
Nocardia  species,  imd  Aclinomyces  species. 

Endotoxin  Levels  &  MMPs 

We  employed  a  Limulus  amebocyte  lysate  (LAL)  assay 
to  quantify  the  concentration  of  endoto.xin  within  BAL  fluid 
using  a  coinmercial  test  kit  (Limulus  Arnebocyte  Lysate 
Pyrochrome'",  Associates  of  Cajje  Cod  Inc,  Woods  Hole  MA). 
The  determination  of  the  BAL  endotoxin  concentration  was 
based  on  the  endpoint  chromogenic  method  as  previously 
described.-^  Unconcentrated  BAL  fluid  that  had  not  been  dena- 
tured was  also  applied  to  casein  substrate  gel  electrophore- 
sis. Zones  of  lysis  corresponding  to  the  co-migratior  of  92 
kDa  gelatinase  B  (lVIMP-9),  72  kDa  gelatinase  A  (MMP-2), 
and  macrophage-specitic  metalloelastase  (IVIMP-12)  were  used 
to  identify  the  presence  of  MMPs  in  BAL  tluid.  The  metal- 
dependent  nature  of  these  proteases  was  confirmed  by  the 
administration  of  ethylenediaminetetraacetic  (EDTA).  which 
inhibited  the  zones  of  lysis.  Western  blot  analysis  was  also 
performed  for  a  spectrum  of  MMPs  to  identify  the  caseinolytic 
MMPs  and  to  rule  oiil  MMPs  produced  by  pathogens. 

Histologic  Findings 

Transbronchial  biopsies  were  obtained  usuig  2-mm  ellip- 
soid, fenestrated  biopsy  forceps  (FB20C,  Olympus  Optical 
Co.  Tokyo.  .lapanl  under  fluoroscopic  guidance.  The  lung  seg- 
ments biopsied  weie  selected  at  the  discretion  of  the  operating 
physician,  but  typically  involved  the  lateral  and  posterior  seg- 
ments of  the  low  er  lobe  of  the  most  affected  liuig  as  demon- 
strated by  the  patient's  chest  radiograph.  The  number  of  biop- 
sies performed  was  also  determined  by  the  operator. 
Postmortem  Imig  examination  included  2  tissue  blocks  of 
approximately  1-.^  cm\  each  taken  from  each  lobe  of  both 
lungs.  Grossly  abnormal  areas  were  sampled  whenever  pre- 
sent. We  used  pre\  iously  published  giiiilolines  in  interpret- 
ing the  avaikible  lung  tissue  specimens.'  Histopathologic  cri- 
teria supportive  of  the  diagnosis  of  lung  infection  included 
the  presence  of  intense  neutrophilic  infiltration  in  the  inter- 
stitial and  intra-alveolar  spaces,  particularly  around  terminal 
bronchioles.  Alveoli  were  required  to  be  at  least  partially  lilletl 
with  neiiirophils.  fibrinous  exudates,  and  celluku'  debris  in  order 
to  establish  a  histologic  diagnosis  of  lung  infection.  The  pres- 
ence of  tissue  necrosis  with  destruction  of  normal  lunt;  ;irchi- 


tecture  was  classified  as  a  lung  abscess.  These  criteria  were 
applied  to  all  lung  tissue  specimens  regardless  of  the  sampling 
technique  einployed. 

Statistical  Analysis 

All  comparisons  were  unpaired  and  all  tests  of  significance 
were  2-tailed.  Continuous  variables  were  compared  using  the 
Student  t  test  or  analysis  of  variance  for  normally  distributed 
variables  and  the  Kruskal-Wallis  test  for  variables  not  nor- 
mally distributed.  The  X'  statistic  or  Fisher's  exact  test  were 
used  to  compare  categorical  variables.  All  values  are  expressed 
as  the  mean  ( SD )  for  continuous  variables  or  as  a  percentage 
of  the  group  they  were  derived  from  (categorical  variables). 
Statistical  significance  was  indicated  by  p  values  <  0.05.  Mul- 
tiple logistic  regression  analysis  was  perfonned  using  a  com- 
mercial statistical  package  to  identify  predictor  vaiiables  that 
were  significantly  related  to  the  likelihood  of  having  a  final 
diagnosis  of  lung  infection. -""  Potential  predictor  variables  for 
model  entry  were  identified  using  uni\  iiriale  analysis.  Results 
of  the  logistic  regression  analysis  are  reported  as  adjusted  odds 
ratios  (ORs)  with  93'7(  CIs  (confidence  intervals).  The  area 
under  receiver  operating  chaiacteristic  (ROC)  curves  was  mea- 
sured in  a  standard  manner.-'  ROC  curve  analysis  was  used 
to  detennine  the  optimal  threshold  concentration  of  endotoxin 
in  BAL  fluid  for  a  final  diagnosis  of  lung  infection  ;ind  to  com- 
pare the  operating  characteristics  of  the  identified  predictor 
variables  for  a  final  diagnosis  of  lung  infection. 

Results 

Patient  Characteristics  &  Classification 

Eighty-two  hospitalized  patients  underwent  diagnostic  B.AL 
for  suspected  lung  infection.  The  mean  age  of  the  patients  was 
48.3  (18.0)  years  with  the  range  15-89  years,  and  the  mean 
APACHE  II  score  was  14.9  (5.6)  with  the  range.  6-26.  Of  the 
patients,  49  (59.87r )  were  men.  and  ?'?'  (40.29f )  were  women. 
Lung  tissue  examination  was  performed  on  52  patients  (63.4%), 
48  examinations  by  transbronchial  lung  biopsy  and  4  by  post- 
mortem examination.  Fitly  (61 .0'^f )  patients  w ere  receiving 
antibiotics  at  the  time  BAL  was  performed,  w  ith  46  (92.0%) 
of  these  patients  receis  ing  an  antipseudomonal  antibiotic.  Tlie 
average  duration  of  hospitalization  piior  to  ]ierforming  BAL 
was  5.4  (4.5)  days  with  the  range  1-24  days.  Forty-seven 
(57.3%)  patients  were  given  a  final  diagnosis  of  lung  infec- 
tion based  on  special  stains  and  cultures  ot  their  BAL  fluid, 
their  clinical  course  (including  response  to  antimicrobial  ther- 
apy), and/or  examination  of  available  lung  tissue  specimens. 

A  threshold  value  of  >  5  endotoxin  units  per  niL  (EU/niL) 
yielded  the  best  operating  characteristics  (ie.  combination  of 
sensitivitv  and  specificity)  for  a  final  diagnosis  of  lung  infec- 
tion using  ROC  curve  analysis.  Patients  w ith  a  final  diagnosis 
of  lung  infection  were  statistically  more  likely  to  be  male  (p 
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=  0.025).  to  have  a  BAL  fluid  endotoxin  concentration  >  3 
EU/mL  (p  <  0.(X)l ).  to  ha\e  a  greater  percentage  of  neutrophils 
in  their  BAL  fluid  (p  =  0.01 1 ),  and  to  be  classified  as  being 
the  subject  of  a  "high"  clinical  suspicion  for  the  diagnosis  of 
lung  infection  by  their  attending  physicians  (p  <  0.001 )  com- 
pared to  patients  with  noninfectious  etiologies  for  their  pul- 
monary infiltrates  (Tables  1  &  2).  Individuals  with  a  final  diag- 
nosis of  lung  infection  also  tended  to  have  greater  Lung  Injury 
Scores  (p  =  0.064),  more  frequent  positi\  e  findings  on  Gram- 
stain  examination  of  BAL  fluid  (p  =  0.06 1 ).  and  a  lower  preva- 
lence of  underlying  malignancy  (p  =  0.072). 

Table  1 .      Demographics  of  the  Study  Cohort  at  the  Time  of 
Bronchoalveolar  Lavage  (BAL) 


Table  2. 


Clinical  Characteristics  of  the  Study  Cohort  at  the  Time  of 
Bronchoalveoliu'  Lavaae  (BAL) 


Infection 

Infection 

Variable                             Present 

Absent 

p  Value 

(n  =  47) 

(n  =  35) 

Age,  years*                                    48.1(18.8) 

48.5(17.3) 

0.940 

Sex.  No.  (%) 

Male                                              33(70.2) 

16(45.7) 

0.025 

Female                                           14(29.8) 

19(54.3) 

Smokers,  No.  (%)                             28  (59.6) 

21  (60.0) 

0.969 

Pack-years  of  smoking*                  17.0  (2L8) 

27.3(32.5) 

0.242 

Current  alcohol  use.  No.  (<7r)               6  (12.8) 

1  (2.9) 

0.230 

Premorbid  Lifestyle  score.  No.  C^-f ) 

0                                                        0(0.0) 

0(0.0) 

0.872 

1                                                        4(8.5) 

5(14.3) 

2                                                    31(66.0) 

21  (60.0) 

3                                                     1 1  (23.4) 

8(22.8) 

4                                                        1(2.1) 

1  (2.9) 

Nursing  home  resident.  No.  (%)            1  (2,1) 

1  (2.9) 

0.832 

Recent  hospitalization.  No.  {%)         1 1  (23.4) 

7  (20.0) 

0.713 

Underlying  malignancy.  No.  (%)         8  (17.0) 

12(34.3) 

0.072 

Immunosuppressed.  No.  (9c)             36  (76.6) 

25(71.4) 

0.596 

Lung  transplant.  No.  ('7f)                      6(12.8) 

3(8.6) 

0.548 

COPD.  No.C*)                                12(25.5) 

14(40.0) 

0.164 

Congestive  heart  failure.  No.  (9c)        7  ( 14.9) 

10(28.6) 

0.131 

Duration  of  hospitalization  prior 

to  BAL,  days*                                   5.5  (5.0) 

5.4  (,4.0) 

0.941 

*  Values  are  mean(SD). 

*COPD  =  chronic  obstructive  pulmonary  disease 

Predictors  of  a  Final  Diagnosis  of  Lung  Infection 

Multiple  logistic  regression  analysis  demonstrated  that  a 
BAL  fluid  endotoxin  concentration  greater  than  5  EU/mL  (p 
<  0.001 )  was  the  only  independent  predictor  for  a  final  diag- 
nosis of  lung  infection  (Table  3).  A  high  clinical  suspicion 
for  the  presence  of  lung  infection  by  the  patient's  attending 
physician  (p  =  0.079)  was  identified  as  the  next  best  predictor 
variable.  The  predictive  qualities  of  the  two  variables  and  of 
their  combination  are  shown  in  Table  4.  Lung  infection  was 
diagnosed  in  93.5%  of  patients  (n  =  3 1 )  when  both  of  these 
predictor  variables  were  present,  in  42,5%  of  patients  (n  =  40) 
having  only  one  of  these  predictor  variables  present,  and  in 


Infection 

Infection 

Characteristic 

Present 

Absent 

p  Value 

(n=47) 

(n  =  35) 

Temperature,  °C* 

38.0(0.7) 

37.8(0.7) 

0.2.54 

White  blood  cell  count. 

11.7(7.5) 

13.6(14.4) 

0.779 

lOVmm'* 

PaO;/FiO:.  torr* 

172(112) 

196(107) 

0.379 

APACHE  11  Score*' 

15.5(5.9) 

14.1  (5.3) 

0.296 

Lung  Injury  Score* 

2.2(0.9) 

1.8(1.0) 

0.064 

New  infiltrate.  No.  (9c) 

45  (95.7) 

33  (94.3) 

0.762 

Infiltrate  present  >72  hours. 

47(100.0) 

34(97.1) 

0.427 

No.  (9c) 

Mechanically  ventilated. 

26(55.3) 

15(42.9) 

0.264 

No.  (<*) 

PEEP,  cm  H:0* 

8.0(4.0) 

7.8(3.6) 

0.887 

Peak  airway  pressure. 

46.5(9.8) 

44.0(7.7) 

0.396 

cm  H:0*' 

Tracheostomy,  No.  (9c) 

10(21.3) 

3  (8.6) 

0.140 

ARDS.No.(%) 

14(29.8) 

8(22.9) 

0.484 

.\ntibiotic  usage.  No.  (9c) 

None  >  48  h  prior  to  BAL 

17  (.36.2) 

15  (42.9) 

0.713 

Begun  <  48  h  prior  to  BAL 

5(10.6) 

2(5.7) 

Begun  >  48  h  prior  to  B.^L 

25(53.2) 

18(51.4) 

Nonbronchoscopic  BAL. 

13(27.7) 

9(25.7) 

0.844 

No.  (%) 

9c  Neutrophils  in  BAL  fluid* 

45.2(34.7) 

25.4(28.3) 

0.011 

Positive  BAL  Gram-stain, 

14(29.8) 

4(11.4) 

0.061 

No.  (9c) 

BAL  endotoxin  concentration  11.6(11.9) 

4.1  (4.5) 

<0.00l 

(EU/mD* 

BAL  endotoxin  concentration 

30(63.8) 

3(8.6) 

<0.00l 

>5  EU/mL,  No.  (^rl 

Positive  MMPs  in  BAL  fiuid. 

27(65.9) 

21  (65.6) 

0.984 

No.  (<7f) 

In  =  41] 

(n  =  32] 

Lung  tissue  examination. 

28  (59.6) 

24(68.6) 

0.403 

No.  C^o 

Clinical  suspicion  for  lung 

infection.  No.  (%) 

High 

45  (95.7) 

24  (68.6) 

<0.001 

Low 

2(4.3) 

II  (31.4) 

"Values  are  mean  (SD). 

t.AP.^CHE  =  Acute  Ph\  siology  and  Chronic  Health  Evaluation;  PEEP  =  positive 
end-e\pirator\  pressure;  .ARDS  =  acute  respiratory  distress  syndrome;  MMPs  = 
matrix  metalloproteinases.  Numbers  in  brackets  indicate  the  number  of  patients 
having  BAL  fluid  casein  substrate  gel  electrophoresis  performed  to  detect  the  pres- 
ence of  MMPs- 


9.1%  of  patients  (n=  1 1)  with  neither  predictor  variable  pre- 
sent (p  <  0.001 ). 

BAL  Endotoxin  Concentration 

Good  discrimination  was  observed  between  patients  with 
a  final  diagnosis  of  lung  infection  and  patients  with  nonin- 
fectious etiologies  for  their  puliiionai7  infiltrates  using  a  con- 
centration of  endotoxin  in  BAL  fluid  >  5  EU/mL  to  support 
the  diagnosis  of  lung  infection  (Fig.  1 ).  The  overall  concor- 
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Table  3.      Results  of  Multiple  Logistic  Regression  Analysis* 


Predictor  Variable 


Adjusted  Odds  Ratio 


95'^  CI' 


Wald 


p  Value 


Underlying  malignancy 

Lung  injury  score  ( l-poinl  increments) 

Endotoxin  concentration  ni  HAI.  Iluid  >S  F.U/mL 

Positive  BAL  Gram-stain 

%  Neutrophils  in  BAL  fluid 

"High"  clinical  suspicion  lor  lung  infection 

Male  gender 

APACHE  II  score  ( 1 -point  increments) 

Constant 


0.59 

0.28-1.25 

0.49 

0.483 

1.28 

0.80-2.04 

0.27 

0.601 

22.25 

9.46-52..-i6 

13.15 

<0.001 

0.66 

0.24-1.82 

0.17 

0.682 

1.02 

1.01-1.03 

2.19 

0. 1 39 

5.97 

2.15-16.56 

3.07 

0.079 

2.11 

1 .06-4.20 

1.18 

0.277 

0.92 

0.84-1.00 

0.99 

0.318 

omA 

0.022-0.314 

3.51 

— 

*Where  a  final  diagnosis  of  lung  infection  Is  the  dependent  outcome  variable. 

'CI  =  confidence  interval;  COPD  =  chronic  obstructive  pulmonary  disease;  BAL  =  bronchoalveolar  lavage;  APACHE  =  Acute  Physiology  and  Chronic 

Health  Evaluation. 


Table  4.      Relative  Utility  of  the  Two  Better  Predictor  Variables  Alone 
and  in  Combination 


Predictor  Variable 

BAL  Endoto,\in 

Concentration 

>  5  EU/mL 

■■High" 
Clinical 
Suspicion 

Both 
Variables 

Sensitivity 

63.8% 

95.7% 

61.7% 

Specificity 

91.4% 

31.4% 

9437c 

Positive  Predictive  Value 

90.9% 

65.2% 

93.5% 

Negative  Predictive  Value 

65.3% 

84.6% 

64.7%> 

CoiTect  Classification  Rate 

75.6% 

68.3% 

75.7% 

Area  under  ROC  Curve 

0.79 

0.64 

0.79 
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Fig.  1 .  Box  plots  for  the  concentration  of  endotoxin  in  BAL  fluid  for 
patients  classified  as  having  lung  infection  present  or  lung  infection 
absent.  Boxes  represent  25th  to  75th  percentiles  with  50th  per- 
centile (solid  line)  and  mean  (broken  line)  values  shown  within  the 
boxes.  The  10th  and  90th  percentiles  are  shown  as  capped  bars, 
and  symbols  (black  squares)  mark  the  5th  and  95th  percentiles. 


dance  between  a  final  diagnosis  of  lung  infection  and  a  ci)n- 
centration  of  endotoxin  in  BAL  Iluid  >  5  EU/niL  was  75.6%. 

Three  patients  classified  as  having  noninfectious  etiolo- 
gies for  their  pulmonary  infiltrates  had  BAL  fluid  endotoxin 
concentrations  >  5  EU/mL  (Patients  31.  32.  &  33:  Table  5). 
Among  the  30  patients  with  a  concentration  of  endotoxin  in 
BAL  fluid  >  5  EU/mL  found  to  have  a  final  diagnosis  of  lung 
infection.  2  (6.7%)  of  the  lung  infections  were  attributed  to 
Aspergillus  species.  4  (13.3%)  to  Pneumocystis  ccirliiii.  4 
( 1 3.3%)  to  Cytomegalovirus  (CM V),  1  (3.3%)  to  CM V  and 
Mycobacterium  avium-imracellulare  (MAI).  1  (3.3%)  to  M.M. 
and  18  (60.0  % )  to  bacterial  pathogens  ( 1  to  Legionella  mic- 
dadei,  2  to  oxacillin-sensitive  Staphylococcus  aureus  [OSSA], 
1  to  OSSA  and  a  Gratn-negati\e  bacteria  |GNB|.  I  to  OSSA 
and  influenza  virus,  9  to  GNB.  1  to  a  GNB  and  paraintluenza 
virus,  and  3  to  bacterial  pathogens,  based  on  their  clinical 
response  to  antibiotics  and/or  lung  tissue  examination).  Of  the 
3  patients  classified  as  having  a  bacterial  lung  infection  but 
with  negative  BAL  fluid  cultures  for  bacterial  pathogens.  2 
had  been  si;uled  on  broad-speclitim  antibiotics  at  least  48  hours 
prior  to  obtaining  the  BAL  specimens  (Patients  7.  13.  &  23). 
All  3  of  these  patients  had  positive  BAL  cultures  for  Candida 
species  that  clinically  were  assessed  as  representing  fungal 
tracheobronchial  colonization  and  not  fungal  lung  infection. 

Seventeen  patients  with  a  final  diagnosis  of  lung  infection 
(36.2%  of  all  patients  classified  ;is  ha\  ing  lung  infection)  were 
found  to  have  a  concentration  ol  endotoxin  in  BAL  Iluid  < 
5  EU/mL  (Table  6).  Of  these.  2  infections  ( 1 1.8%)  were 
attributed  to  GNB.  2(11 .8% )  to  mycobacterial  infection.  2 
( 1 1 .8% )  to  mlluenza  virus.  7  (4 1 . 1  % )  to  CM V.  2  ( 1 1 .8%  )  to 
bacterial  pathogens  based  on  their  clinical  response  to  antibi- 
otics and/or  lung  tissue  examination.  1  (.5.9%)  to  CMV  and 
a  Gram-positive  bacteria,  and  I  (5.9'/( )  to  polymicrobial  infec- 
tion due  to  OSSA.  GNB.  and  CMV.  Lung  infection  attributed 
onl>  to  a  \  iral  etiologv  \\  as  signitlcanll\  inore  common  among 
patients  ha\  ing  a  concentration  of  endotoxin  in  BAL  <  5 
EU/mL  compared  to  patients  with  a  concentration  of  endo- 
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Table  5.      Results  from  Patient  H\aluations  with  Bronchoalveolar  Lavage  (BAl.l  Fluid  Endotoxin  Concentrations  >5  EU/niL 


Patient 
No. 


BAL  Culture  Results 


BAL  Gram-Stain       Prior  Antibiotic  Lung  Tissue 

Results  Administration'         Examination 


Final  Diagnoses 


I.ung  Infection  Present  (n  =  30) 

1  <\i)' Ciiiulicia  i;Uihraki  MBF' 

<  1 0'  AspeiifiUiis  fla\ii.\ 

2  W  -  W  Hemophilus  infliienziie  NOI 

3  <\0' Staphylococcus  aureus  NOI 

4  Pneumocystis  carinii.  Cytomegalovirus       NOI 

5  Cytomegalovirus  NOI 

<  1 0'  Moiiilia  silophilu 

6  \Q'^ -  \Q^  Pseudomimns  aeruginosa  NOI 
10'  -  10''  Staphylococcus  aureus 

7  \Q' -  \W  Candida  albicans  MBF 

8  1 0'  -  1 0'  Pseudomonas  aeruginosa  GNB 

9  Herpes  simplex  virus  NOI 
Legionella  micdadei.  Cytomegalovirus 

10  Mycobacterium-avium  intracellulare  NOI 

1 1  Pneumocystis  carinii,  Cytomegalo\  irus       NOI 

12  >\0-  Moraxella  tnorgagni  GNB 
1 0'-  1 0^  Candida  Iropicalis 

13  <\W  Candida  tropical  is  NOI 

14  Pneumocystis  carinii  NOI 

15  Influenza  virus  NOI 
<10'  Candida  parapsilosis 

<10'  Staphylococcus  aureus 

16  <\Q-' Hemophilus  influenzae  NOI 

17  \0^  -  [(y  Pseudomonas  aeruginosa  MBF 

1 8  Cytomegalovirus  NOI 

19  1 0-i  -  1 0'  Candida  albicans  MBF 
Cytomegalovirus 

20  W  -  10^  Enlerobacler  cloacae  NOI 

21  10'-  \0^  Aspergillus fumigatus  NOI 

22  10^-  \0' Pseudomonas  aeruginosa  MBF 

23  >W  Candida  albicans  NOI 

24  Pneumocystis  carinii  NOI 

25  Cytomegalovirus  NOI 

26  >  1 0^  Pseudomonas  cepacia  GNB 
>  1 0'  Pseudomonas  aeruginosa 

27  10-' -  \<y  Klebsiella  pneumoniae  MBF 

28  Parainfluenza  virus  NOI 
<10-'  Stenoirophomonas  maltophilia 

29  Mycobacterium-avium  intracellulare  NOI 
Cytomegalo\irus 

30  \Q' -  W  Staphxlococcu^  aureus  GPC 

Lung  Infection  Absent  In  =  3) 

31  <10^  Canduia  albicans  MBF 

32  NOF  NOI 

33  NOF  MBF 


Yes* 


I 

Yes' 

3 

No 

1 

Yes* 

1 

Yes* 

Yes* 


I 

No 

3 

No 

2 

No 

3 

No 

I 

Yes* 

I 

No 

3 

Yes» 

I 

Yes* 

3 

No 

1 

No 

3 

No 

3 

No 

I 

Yes* 

3 

YesS 

3 

No 

3 

No 

3 

No 

2 

Yes* 

3 

No 

3 

Yes5 

3 

Yes* 

3 

Yes* 

3 

Yes* 

3 

No 

3 

No 

I 

No 

I 

No 

Fungal  pneumonia 

Bacterial  pneumonia 

ARDS,  bacterial  pneumonia 

ARDS.  PCP 

Viral  pneumonia,  fungal  coloni/alion 

Bacterial  pneumonia,  acute  lung  rejection 

Bacterial  pneumonia,  fungal  colonization 
Bacterial  pneumonia 
Bacterial  pneumonia 

Mycobacterial  pneumonia 

PCP 

Bacterial  pneumonia 

Bacterial  pneumonia,  fungal  colonization 

PCP 

Viral  &  bacterial  pneumonia,  fungal  colonization 


Bacterial  pneumonia 

Bacterial  pneumonia 

Viral  pneumonia 

Viral  pneumonia,  fungal  colonization 

Bacterial  pneumonia 

Fungal  pneumonia 

Bacterial  pneumonia 

Bacterial  pneumonia,  fungal  colonization 

PCP.  BOOP 

Viral  pneumonia 

.\RDS.  bacterial  pneumonia 

Bacterial  pneumonia 

Viral  &  bacterial  pneumonia 

Viral  &  mycobacterial  pneumonia 

Bacterial  pneumonia 


Pulmonary  edema 
Pulmonary  edema,  atelectasis 
ARDS,  babesiosis 


*  1  =none  >48  h  prior  to  BAL;  2  =  begun  <  48  h  prior  to  BAL;  3=  begun  >  4S  h  prior  to  BAL. 

*  MBF  =  mixed  bacterial  flora;  NOI  =  no  organisms  identified;  GNB  =  Gram-negative  bacilli;  GPC  =  Gram-positive  cocci;  NOF  =  no  organisms  found;  ARDS  =  acute  respira- 
tor>'  distress  syndrome;  PCP  =  Pneumocystis  carinii  pneumonia;  BOOP  =  broncliioliiis  obliterans  organizing  pneumonia. 

+  by  transbronchial  lung  biopsy. 
§  by  postmortem  lung  examination. 


toxin  in  BAL  fluid  >  5  EU/mL  (52.9%  vs  1 3.3%;  p  =  0.004). 
Lung  infection  attiibiited  only  to  bacterial  pathogens  was  more 
common  among  patients  having  a  concentration  of  endotoxin 


in  BAL  fluid  >  5  EU/mL  compared  to  patients  with  a  con- 
centration of  endotoxin  in  BAL  fluid  <  5  EU/mL  (.^3.3%  \  s 
23.5%;  p  =  0.067). 
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Table  6.      Results  from  Patients  with  Lung  Infection  and  a  Concentration  of  Endotoxin  in  Bronchoalveolar  Lavage  (BAL)  Fluid  <  5  EU/niL 


Patient 
No. 


BAL  Culture  Results 


BAL  Gram-Stain      Prior  Antibiotic  Lung  Tissue 

Results  Administration*         Examination 


Final  Diagnoses 


34 

Cytomegalovirus 

Nor 

1 

Yes= 

35 

10'-  W  Klebsiella  oxywca 
1 0'  -  1 0''  Staphylococcus  aureus 
Cytomegalovirus 

MBF 

1 

Yes* 

36 

Influenza  virus 

NCI 

3 

Yes' 

37 

Cytomegalovirus 

NCI 

3 

Yes* 

38 

10'-  W  Candida  albicans 

MBF 

3 

No 

39 

No  growth 

GPC 

2 

Yes* 

40 

Inlluenza  virus 

NCI 

3 

No 

41 

Cytomegalovirus 

GPC 

3 

Yes* 

42 

Cytomegalovirus 

NOI 

I 

Yes* 

43 

Mycobacterium  avimn-intracellulare 

NOI 

1 

Yes' 

44 

Mxcobacteriuni  tuberculosis 

NOI 

I 

Yes' 

45 

Cytomegalovirus 

NOI 

2 

No 

46 

10'-  lO''  Pseudomonas  aeruftinosa 
10'-  10""  Enterobaclcr  cloacae 

MBF 

3 

No 

47 

Cytomegalovirus 

NOI 

3 

No 

48 

Cytomegalovirus 

NOI 

1 

Yes' 

49 

Cytomegalovirus 
<10'  Candida  albicans 

NOI 

3 

Yes* 

50 

<  1 0'  Pseudomonas  acrufiinosa 

NOI 

2 

No 

Viral  pneumonia 

Viral  &  bacterial  pneumonia 


Viral  pneumonia 

Viral  pneumonia.  Kaposi  sarcoma 

Bacterial  pneumonia,  fungal  colonization 

Bacterial  pneumonia 

Viral  pneumonia 

Viral  &  bacterial  pneumonia 

Viral  pneumonia 

Mycobacterial  infection 

Mycobacterial  infection 

Viral  pneumonia 

Bacterial  pneumonia 

Viral  pneunnuua 
Viral  pneumonia 
Viral  pneumonia,  fungal  colonization 

Bacterial  pneumonia 


*  1  =none>4X  h  poor  to  BAL;  2  =  begun  <  48  h  prior  to  BAL;  .1  =  begun  >4S  h  prior  to  BAL, 
t  NOI  =  no  organisms  identified;  MBF  =  mixed  bacterial  tlora;  GPC  =  Gram-positive  cocci; 
%  =  transbronchial  lung  biopsy. 


Clinician  Suspicion  of  Lung  Infection 


Multiorgan  Dysfunction  &  Hospital  Mortality 


The  overall  concordance  between  a  final  diagnosis  of 
lung  infection  and  the  attending  physician's  clinical  assess- 
ment of  the  patient's  risk  for  lung  infection  was  68.3%. 
Among  the  43  patients  with  a  final  diagnosis  of  lung  infec- 
tion, who  were  also  assessed  as  having  a  high  clinical  sus- 
picion for  the  presence  of  lung  infection  by  their  attending 
physicians,  correct  prediction  of  the  etiologic  agent(s)  of 
lung  infection  occurred  in  23  (5 1 .5%)  cases.  Identification 
of  only  one  of  the  identified  etiologic  agents  of  lung  infec- 
tion, in  individuals  with  polymicrobial  infection,  occurred 
in  6  additional  cases  (13.3%)  while  in  the  remaining  16 
patients  (35.6%)  incorrect  predictions  of  the  etiologic  agents 
of  infection  were  made. 

Among  the  69  patients  who  were  assessed  as  having  a  high 
clinical  suspicion  for  the  presence  of  lung  infection,  24  (34.8% ) 
were  found  not  to  have  lung  infection.  The  final  diagnoses 
accounting  for  the  lung  intlllrates  in  these  ptitients  included 
ARDS  (8  patients),  pulmonary  hemoiihage  (3  patients),  lung 
cancer  (2  patients),  atelectasis  (2  patients),  pulmonary  fibro- 
sis (2  patients),  and  I  patient  etich  with  BOOP.  sarcoidosis, 
hypersensitivity  pneumonitis,  pulinon;u"y  edema,  lymphoma, 
babesiosis,  and  idiopathic  pneumonitis  following  bone  mar- 
row trans|ilantation.  Among  these  24  patients,  oiiK  2  had  mea- 
sured concentrations  of  endoto.xin  in  their  BAL  fluid  >  5 
;-:U/mL  (Patients  32  &  33,  Table  5). 


The  hospital  nmrtality  rate  of  patients  with  a  final  diag- 
nosis of  lung  infection  was  similar  to  the  hospital  mortality 
rate  of  patients  witli  noninfectious  etiologies  for  their  pulmonary 
infiltrates  (5 1 .8%  vs  48.2%:  p  =  0. 1 37).  In  addition,  no  sta- 
tistically significant  difference  was  seen  in  the  number  of 
acquired  organ  system  derangements  between  these  two  groups, 
with  the  mean  (SD)  values  being  1.7  (1.6)  versus  1.6  (1.3) 
organs,  p  =  0.653.  Multiple  logistic  regression  analysis  iden- 
tified the  presence  of  acquired  multiorgan  dysfunction  (adjusted 
OR  =  6.24;  95%  CI  =  4.06  to  9.59:  p  <  0.00 1 )  and  greater  Pre- 
morbid Lifestyle  Scores  (adjusted  OR  =  5.17:  95%  CI  =  2.58 
to  10.39:  p  =  0.019)  as  being  significantly  related  to  hospi- 
tal mortality.  In  a  similar  manner,  multiple  logistic  regression 
analysis  identified  APACHE  II  scores  in  1 -point  increments 
(adjusted  OR  =  1 .49:  95%  CI  =  1 .38  to  1 .62:  p  <  ().(X)  1 ),  Lung 
Injury  Scores  in  1  -point  increments  (adjusted  OR  =  2. 1 1 :  95% 
CI  =  1 .48  to  3.03:  p  =  0.037),  and  the  presence  of  MMPs  in 
BAL  fiuid  (adjusted  OR  =  5.79:  95%  CI  -  3.16  to  10.62; 
p  =  0.004)  as  being  independently  associated  with  the  devel- 
opment of  multiorgan  dyst'unction. 

Discussion 

In  this  iinestigation.  we  identified  a  concentration  of  endo- 
toxin in  BAL  fiuid  >  5  EU/mL  as  being  the  best  predictor  for 
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a  final  diagnosis  of  lung  infection  among  hospitalized  patients 
with  undiagnosed  pulmonary  infiltrates  undergoing  BAL.  A 
high  clinical  suspicion  for  the  presence  of  lung  infection  by 
the  patient's  attending  physician  was  the  next  best  predictor 
identified.  The  attending  physicians'  clinical  suspicion  for  lung 
infection  was  a  more  sensitive  predictor  compared  to  the  mea- 
surement of  endotoxin  in  BAL  fluid;  however,  it  was  also  a 
less  specific  predictor  accounting  for  its  lower  overall  accu- 
racy. The  combination  of  these  2  vaiiabies  was  no  more  accu- 
rate then  the  use  of  elevated  concentrations  of  endotoxin  alone 
for  the  prediction  of  lung  infection.  Nevertheless.  BAL  fluid 
endotoxin  measurements  appeared  to  be  most  useful  in  exclud- 
ing the  presence  of  lung  infection  among  patients  with  false- 
positive  high  clinical  suspicions  for  lung  infection  (22  of  24 
patients).  Lastly,  we  demonstrated  that  attending  physicians 
failed  to  identify  all  of  the  etiologic  agent(s)  responsible  for 
lung  infection  in  49%  of  the  infected  patients  whom  they 
assessed  as  having  a  high  clinical  suspicion  for  the  presence 
of  lung  infection. 

The  best  diagnostic  approach  for  suspected  lung  infection 
among  hospitalized  patients  is  problematic  because  many  non- 
infectious processes  may  result  in  pulmonary  infiltrates  and 
fever  including  atelectasis,  ARDS,  congestive  heart  failure, 
pulmonary  hemorrhage,  and  drug  reactions.  In  general,  the 
clinical  approach  to  establishing  a  diagnosis  of  lung  infec- 
tion, particularly  infection  due  to  hospital-acquired  bacteria, 
has  been  demonstrated  to  be  overly  sensitive.-**  In  part,  this 
may  be  due  to  clinicians"  concerns  about  misdiagnosing,  and 
therefore  not  treating,  an  underlying  lung  infection.  Addi- 
tionally, empiric  antimicrobial  therapy  has  generally  been  con- 
sidered to  be  a  low-risk  form  of  empiric  therapy,  thereby  jus- 
tifying its  common  administration.-'*  However,  recent 
investigations  suggest  that  our  widespread  use  of  empiric 
antimicrobial  therapy  can  result  in  increased  medical  care  costs, 
a  higher  incidence  of  subsequent  infections  due  to  antibiotic- 
resistant  bacteria,  the  potential  for  increased  drug-specific  com- 
plications (eg,  nephrotoxicity,  pseudomembranous  colitis,  aller- 
gic reactions),  and  worse  overall  patient  outcomes. ''*■-''"-'- 
Therefore,  the  development  of  more  specific  clinical  or  lab- 
oratory predictors  of  infection  is  one  potential  strategy  for 
improving  the  use  of  antimicrobial  therapy  and  curtailing  the 
escalation  of  drug-resistant  infections  and  other  complications 
associated  with  the  unnecessary  use  of  these  agents. 

The  measurement  of  endotoxin  in  BAL  fluid  has  previously 
been  shown  to  be  an  accurate  predictor  of  lung  infection  due 
to  Gram-negative  bacteria.-' '-  Gram-negative  bacteria  account 
for  the  majority  of  lung  infections  among  hospitalized  patients, 
excluding  those  patients  admitted  with  community-acquired 
pneumonia.'"^  In  a  similar  way,  we  found  that  Gram-nega- 
tive bacteria  were  the  most  common  cause  of  lung  infection 
in  the  present  study,  which  explains  the  importance  of  endo- 
toxin measurements  as  a  predictor  of  lung  infection  for  this 
patient  cohort.  The  absence  of  an  elevated  concentration  of 
endotoxin  in  BAL  fluid,  among  patients  suspected  of  having 


lung  infection,  also  appears  to  be  useful  by  suggesting  either 
alternative  diagnoses  or  etiologies  for  the  lung  infection.  We 
suggest  that  the  use  of  endotoxin  measurements  in  BAL  fluid 
may  be  helpful  for  rapidly  determining  the  presence  or  absence 
of  lung  infection  due  to  Gram-negative  bacteria  and  the  need 
for  specific  Gram-negative  antibiotic  therapy. 

Fagon  and  colleagues  previously  demonstrated  an  accu- 
racy rate  of  11%  for  establishing  a  clinical  diagnosis  of  noso- 
comial pneumonia.''  However,  only  33%  of  the  proposed  U"eat- 
ment  plans  for  suspected  pneumonia  in  their  investigation 
were  judged  appropriate  when  they  were  compared  to  the 
microbiologic  findings  from  the  BAL  fluid.  Most  of  the  treat- 
ment plan  errors  were  due  to  failures  in  diagnosing  pneumonia 
and  prescribing  ineffective  treatment  for  either  polymicro- 
bial pneumonia  or  multiresistant  organisms.  The  findings  from 
our  study  support  the  inaccuracy  of  clinical  judgment  in  deter- 
mining the  etiologic  agent(s)  responsible  for  lung  infection. 
Therefore,  it  is  not  surprising  that  broad-spectrum  antimi- 
crobial therapy  is  often  recommended  for  the  empiric  treat- 
ment of  hospitalized  patients  with  suspected  lung  infection.' 
It  is  unfortunate  that  once  broad-spectrum  antimicrobial  ther- 
apy is  initiated,  it  is  often  maintained  despite  a  lack  of  evi- 
dence supporting  the  need  for  its  continued  use.  Improving 
our  diagnostic  ability  to  accurately  establish  the  presence  or 
absence  of  lung  infection,  as  well  as  to  identify  the  specific 
etiologies  of  infection,  may  allow  for  more  restricted  use  of 
antimicrobial  therapy  in  the  future. 

Several  limitations  of  this  investigation  should  be  noted. 
First,  we  examined  a  heterogeneous  group  of  patients  with 
undiagnosed  pulmonary  infiltrates  undergoing  BAL.  There- 
fore, our  results  may  not  be  applicable  to  other  specific  patient 
populations,  especially  those  without  frequent  Gram-nega- 
tive bacterial  infections.  Second,  the  operating  characteris- 
tics for  a  threshold  concentration  of  endotoxin  >  5  EU/mL 
in  BAL  fluid  was  not  perfect  for  the  prediction  of  lung  infec- 
tion. Potential  explanations  for  false-positive  predictions  using 
this  threshold  include  the  influx  of  endotoxin  into  the  lung 
from  the  pulmonary  circulation,  the  inhibition  of  bacterial 
growth  due  to  recent  antibiotic  administration,  and  the  acti- 
vation of  the  LAL  assay  by  cell-wall  glucans  from  coloniz- 
ing yeasts  and  other  microorganisms.-'  False-negative  pre- 
dictions could  be  explained  by  infection  due  to  Gram-positive 
bacterial  pathogens,  the  presence  of  low  concentrations  of  endo- 
toxin due  to  small  Gram-negative  bacterial  loads,  and  the  char- 
acteristics of  the  LAL  assay  itself  Lastly,  due  to  the  small  sain- 
ple  size  examined,  we  may  not  have  identified  all  the  important 
predictors  for  a  final  diagnosis  of  lung  infection  or  for  hos- 
pital mortality. 

Conclusions 

In  summary,  we  demonstrated  that  certain  clinical  vari- 
ables and  BAL  fluid  characteristics  can  be  used  to  predict  a 
final  diagnosis  of  lung  infection  and  mortality  among  hos- 
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pitalized  patients  with  undiagnosed  pulmonary  infiltrates  under- 
going diagnostic  BAL.  Our  results  suggest  that  the  mea- 
surement of  endotoxin  in  BAL  fluid  (a  more  specific  diag- 
nostic test)  may  be  a  useful  adjunct  to  the  clinician's  suspicion 
for  the  presence  of  lung  infection  (a  sensitive  but  nonspecific 
test).  Further  studies  are  required  to  determine  whether  such 
methods  for  establishing  an  early  diagnosis  of  lung  infection, 
to  include  the  identification  of  the  responsible  etiologic  organ- 
ism! s).  can  result  in  restricted  antimicrobial  prescribing  prac- 
tices and  improved  patient  outcomes.  The  success  of  alter- 
native techniques  for  the  diagnosis  of  lung  infection,  to  include 
the  measurement  of  endotoxin  in  BAL  fluid,  will  depend  on 
their  cost-effectiveness,  accuracy,  and  turn  around  times  com- 
pared to  the  more  traditional  methods  (ie,  cultures  and  spe- 
cial stains)  of  establishing  the  presence  of  lung  infection. 
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Measurement  of  Maximum  Inspiratory  Pressure  and  Airway  Occlusion 
Pressure  in  a  Bench  Study  of  the  Adult  Star  Ventilator 

Michael  G  Winter  RRT,  James  D  Pike  DO,  Thomas  A  Dillard  MD 


INTRODUCTION:  Maximum  inspiratory  pressure  (MIP)  is  a  clinical  mea- 
sure of  respiratory  muscle  strength  and  pressure  in  the  occluded  airway  at 
O.I  seconds  of  tidal  inspiration  (Po.i )  and  is  a  reflection  of  ventilatory  drive. 
Contemporary  microprocessor-controlled  ventilators  permit  measurement 
of  MIP  and  P^.i  in  intubated  patients  without  removing  the  patient  from  the 
ventilator  and  without  need  for  additional  equipment.  METHODS  &  MATE- 
RIALS: In  a  bench  study  of  equipment  accuracy,  we  compared  MIP  values 
from  3  Adult  Star  ventilators  (ASVs)  with  an  aneroid  gauge,  a  respiratory 
pressure  monitor,  and  a  negative  pressure  ventilator  and  made  similar  com- 
parisons for  Po.i.  RESULTS:  Input  values  ranged  from  -10  to  -55  cm  HiO 
for  MIP  and  from  -I  to  -9  cm  H2O  for  Po.|.  MIP  values  correlated  strongly 
among  all  devices  (r-  >  0.989,  n  =  30,  p  <  0.00 1 ).  The  average  deviation  from 
the  reference  value  expressed  as  mean  (SD)  for  MIP  was  +0.79  (0.68)  for  the 
respiratory  pressure  monitor;  -1.46  (0.59)  for  the  negative  pressure  venti- 
lator; +1.34  ( 1.17)  for  the  aneroid  gauge;  and  -0.67  (0.84)  for  the  ASVs  (p  < 
0.05).  The  deviation  in  MIP  among  the  3  ASVs  was  -0.19,  +0.42,  and  -0.23 
cm  H2O  after  adjusting  for  device  deviation  in  2-factor  ANOVA  with  covari- 
ate  (p  <  0.05).  Po.i  values  correlated  strongly  among  all  instruments  (r-  >  0.931. 
n  =  27,  p  <  0.001 ).  The  average  deviation  from  reference  values  for  Pd.i  was 
+0.22  (0.30)  for  the  respiratory  pressure  monitor;  +0.03  (0.36)  for  the  neg- 
ative pressure  ventilator;  and  0.25  (0.55)  for  the  ASVs.  The  deviation  in  Po.i 
between  individual  ASVs  was  +0.04,  -0.15  and  +O.II  cm  H2O.  by  2-factor 
ANOVA  with  covariate  (p  >  0.05).  CONCLUSIONS:  We  conclude  that  the 
differences  between  devices  were  small  and  not  likely  to  be  clinically  impor- 
tant and  that  the  microprocessor-controlled  ventilators  compared  favorably 
to  the  other  devices.  [RespirCare  I997;42(10);946-951J 
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Introduction 

Clinicians  rouliiiely  use  indicators  of  readiness  for  wean- 
ing in  the  management  of  patients  requiting  mechanical  ven- 
tilation to  estimate  the  likelihood  of  successful  transition 
to  spontaneous  breathing.  Maximal  inspiratory  pressure 
(MIP),  also  known  as  negative  inspiratory  force  (NIF),  rep- 
resents one  such  weaning  parameter  in  widespread  use.  Pul- 
monary function  laboratories  usually  assess  inspiratotT  mus- 
cle strength  by  having  the  patient  make  a  single  maximal 
inspiratory  effort  from  residual  \olunie;'  '  however,  that 
method  is  not  applicable  to  many  patients  requiring  inten- 
sive care  or  mechanical  ventilation. 
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The  historical  evolution  of  MIP  measurement  for  patients 
receiving  mechanical  ventilation  has  been  a  matter  of  con- 
siderable interest  and  discussion.'  **  Methodologic  devel- 
opments introduced  in  1986  by  Marini  et  al'  include  air- 
way occlusion  of  20-second  duration  for  assessment  of 
multiple  inspiratory  efforts  and  measurement  of  MIP  at  func- 
tional residual  capacity  (FRC)  or  below  by  inclusion  of  a 
1-way  vahe  and  Y-piece  assembly  to  pemiit  exhalation  but 
not  inspiration  during  the  occlusion.'*'  These  methods  were 
subsequently  studied  in  1989  by  Branson  et  aH  and  Kac- 
marek  et  al^  and  recommended  in  an  accompanying  editorial 
by  Hess.* 

Some  currenth  a\ailable  ( 1997)  microprocessor-control- 
led ventilators  permit  measurement  of  MIP  without  dis- 
connection of  the  patient  from  the  ventilator  circuit.  We 
sought  to  evaluate  the  accuracy  of  the  pressure  measuring 
components  of  the  Adult  Star  ventilator  (ASV).  The  Adult 
Star  ventilator  MIP  test  mode  can  occlude  inspiratory  and 
expiratory  limbs  for  up  to  20  seconds,  permitting  multiple 
breath  efforts.  The  ASV  permits  voluntary  exhalation  below 
the  previous  end-expiratory  lung  volume  at  the  beginning 
of  the  test  before  the  first  inspiratory  effort  but  not  through- 
out the  occlusion.^  The  ASV  differs  in  this  latter  respect  from 
the  methods  cited  earlier.'^ 

The  inspiratory  pressure  in  the  occluded  airway  obtained 
at  0.1  seconds  after  the  onset  of  a  tidal  breath  (Po.i)  has 
recently  emerged  as  a  potentially  useful  indicator  of  readi- 
ness for  weaning.**  The  Po j  with  hypercapnic  challenge 
reflects  central  ventilatory  drive.'^  Montgomery  and  colleagues 
reported  that  patients  with  larger  Po j  values,  indicating  greater 
central  ventilatory  drives,  appear  to  have  more  difficulty  with 
weaning  from  mechanical  ventilation  unless  the  Po  i  can  be 
stimulated  to  even  higher  levels  indicative  of  greater  ven- 
tilatory reserves.'" 

Marini"  first  proposed  use  of  ventilator  instrumentation 
to  measure  Po.i.  Some  currently  available  ventilators  permit 
the  measurement  of  spontaneous  Po j  without  the  need  for 
additional  equipment  or  removal  of  the  patient  from  venti- 
lator circuitry.  Whether  the  spontaneous  Po.i  has  bedside  clin- 
ical utility  remains  to  be  determined  although  studies  by  a 
number  of  investigators  have  reported  that  the  spontaneous 
Po.i  is  potentially  useful.'-"*  A  1 995  study  reported  the  ratio 
of  spontaneous  Po  i  to  MIP  to  be  strongly  predictive  of  wean- 
ing outcome." 

Because  of  the  recent  introduction  of  built-in  measurement 
capability  and  the  paucity  of  comparative  studies,  we  inves- 
tigated the  accuracy  of  MIP  and  Po.i  values  measured  by  the 
ASV  in  a  bench  study. 

Methods  &  Materials 

In  this  study,  we  compared  pressure  measurements  for  MIP 
and  Po  1  from  4  types  of  devices:  a  negative  pressure  venti- 
lator (NEV),  a  respiratory  pressure  monitor  (CPX).  an  aneroid 


pressure  gauge,  and  3  Adult  Star  ventilators.*  Figure  1  is  a 
schema  of  the  experimental  apparatus.  We  tested  MIP  and  Po.i 
for  each  ventilator  on  separate  days.  The  ventilators  were  ran- 
domly selected  for  study  after  they  had  been  routinely  pre- 
pared for  patient  care.  At  the  time  of  this  study  the  ventila- 
tors had  been  in  use  for  12  months. 
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Fig.  1.  Schema  of  the  study  circuit  and  apparatus.  The  circuit  was 
closed  to  permit  simultaneous  measurements  from  all  instruments. 
ASV  =  Adult  Star  ventilator;  CPX  =  cardiopulmonary  exercise  sys- 
tem respiratory  monitonng  system;  NEV  =  negative  pressure  venti- 
lator; TTL  =  Vent-Aid  test  lung. 

We  obtained  MIP  and  Pq  i  measurements  from  the  ven- 
tilators with  no  modifications  of  hardware  and  software.  TTie 
ventilators  cycled  in  the  synchronized  intermittent  manda- 
tory ventilation  (SIMV)  mode  with  tidal  volume  0.8  L,  fre- 
quency lO/min.  and  no  PEEP  (positive  end-expiratory  pres- 
sure) or  pressure  support  until  delivery  of  simulated  negative 
pressure  breaths  for  test  measurements  were  obtained.  We 
used  a  test  lung  to  receive  the  positive  pressure  breaths  from 
the  ASV. 

We  simulated  inspiratory  efforts  for  MIP  and  Po  i  using 
a  negative  pressure  ventilator  cycling  at  a  frequency  of  4/min 
and  inspiratory  time  of  1 .2  s.  The  NEV  delivered  a  square  wave- 
form. We  simulated  the  inspiratory  efforts  after  every  third 
or  fourth  positive  pressure  breath.  We  varied  the  test  input 
pressure  on  the  negative  pressure  ventilator  from  -10  to  -55 
cm  HiO  in  decrements  of  5  cm  H^O  for  MIP  simulation.  Input 
values  for  Po  i  ranged  from  -1  to  -9  cm  H2O  in  increments 
of-1  cm  H2O.  Simulation  of  values  for  Po  1  in  the  range  of 
- 1  to  -6  cm  H2O  required  the  addition  of  a  manually  oper- 
ated clamp  (Fig.  1). 

We  obtained  measured  \  alues  from  each  ASV  by  select- 
ing the  mechanics  option  on  the  ventilator  for  the  appropri- 
ate variable  (MIP  or  Po  1 ).  We  maintained  airway  occlusion 
on  the  ASVs  for  a  sufficient  duration  to  obtain  1  automated 
measurement  of  MIP  for  each  simulated  inhalation. 


*  Suppliers  of  commercial  products  are  listed  in  the  Product  Sources  sec- 
tion following  the  text. 
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We  compiired  values  obtained  from  one  ventilator  at  a  lime 
with  MIP  values  obtained  simultaneously  using  a  single  aneroid 
pressure  gauge  (Bourdon),  checked  against  a  water  manome- 
ter. In  order  to  obtain  measurements  from  all  insuuments  under 
the  same  conditions,  we  used  a  closed  circuit  and  did  not 
include  a  I  -way  valve.  We  also  simultaneously  measured  MIP 
or  P(i  I  using  a  commercially  available  respiratory  pressure 
monitor.  We  recorded  5  test  efforts  for  Po  i  and  MIP  for  each 
target  input  pressure  level. 

Statistical  analysis  employed  a  commercially  a\'ailable  soft- 
ware package.  We  report  descriptive  statistics  as  mean  with 
standard  deviation  in  parentheses.  Correlations  refer  to  Pear- 
son coefficients.  Data  analysis  included  scatter  plots  and  cal- 
culations of  bias  in  the  manner  described  by  Bland  and  Alt- 
man.'**  We  used  the  mean  value  from  all  instruments  as  the 
reference  value  for  each  observation  and  as  a  covariate  for 
analysis  of  variance.  We  used  device  types  (n  =  4)  iind  the  indi- 
vidual ventilators  (n  =  3)  as  factors  for  analysis  of  variance 
to  evaluate  variability  between  devices  and  between  ventila- 
tors. Because  of  the  5  repetitions  of  each  input  value,  we 
weighted  values  by  0.2  for  statistical  analysis  where  appro- 
priate. For  simplicity,  we  treated  MIP  and  Po  i  as  positive  num- 
bers rather  than  as  negative  numbers  in  all  calculations  and 
hereafter  in  this  report. 

Results 

Table  1  shows  the  mean  \aluc  for  MIP  instniments  at  each 
level.  The  overall  mean  MIP  value  by  all  devices  equaled  33.96 
( I4..'i9)  cm  H2O.  MIP  values  correlated  strongly  among  all 
devices  (r-  >  0.989.  n  =  30.  p  <  ().()()  I )  whether  weighted  or 
unweighted  (Fig.  2).  The  conelations  indicate  consistent  rela- 
tionships but  do  not  assure  unbiased  agreement  between  instru- 
ments. We  therefore  examined  the  differences  in  MIP  for  each 
dev  ice  trom  the  reference  value. 

Figure  3  shows  differences  for  each  type  of  instrument  IVom 
the  reference  value  at  each  level  of  MIP.  The  dev  ices  had  some 
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Fig.  2.  Scatter  plot  of  MIP  by  gauge  (x-axis)  versus  Adult  Star  ven- 
tilators (y-axis:  f  =  0.990)  as  compared  with  line  of  identity.  O  = 
ASV  1,  n  =  ASV  2,  A  =  ASV  3.  Closed  symbols  represent  multi- 
ple overlying  points.  Plot  shows  some  deviation  below  the  line  of 
identity,  particularly  above  30  cm  H2O,  indicating  a  tendency  for 
the  ASVs  to  measure  slightly  less  than  the  gauge. 


deviations  from  each  other.  The  plot  for  the  aneroid  gauge 
(circles)  had  slightly  more  variability  than  the  others  as  shown 
in  Figure  3.  The  average  dev  iation  from  the  reference  value 
for  MIP  equaled  -H).79  (0.68)  for  the  respiratory  pressure  mon- 
itor; - 1 .46  (0.59)  for  the  negative  pressure  ventilator:  -t- 1 .34 
(1.17)  for  the  aneroid  gauge:  and  -0.67  (().84|  for  the  ASVs. 
These  results  show  general  agreement  within  -f-1.5  cm  H2O 
from  the  reference  value  for  each  instiiiment.  The  respiratory 
pressure  monitor  and  the  ASVs  came  closest  to  the  reference 
value,  deviating  by  less  than  +1  cm  H2O. 

The  aneroid  gauge  had  the  greatest  variability  as  show  n 
in  Figure  3  and  the  largest  standard  dev  iation  (1.17).  The  mea- 
sured values  for  MIP  by  the  4  dev  ices  differed  from  each 
other  in  paired  comparisons  (p  <  O.O.'S)  with  the  exception 
of  the  aneroid  gauge  versus  the  respiratory  pressure  mon- 


Ijbk-  1  -      Mean  and  Standard  Dc\  iation  (.SD)  \m  Ma\innim  Inspiratory  Pressure  Values 
for  F.acli  Device 
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Gauge 


CPX 
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21.22(0.86) 

2.5 

25.87(0.64) 

26.00(0.76) 
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31.80(0.36) 

3.5 

.^5.47  (0.52) 

.18.40  (0.8.1) 

37.33  (0.49) 

36.55  (0.32) 

40 

40.67  (0.97) 

4.1.40(0.51) 

42.27  (0.70) 

4L58(0.3I) 

45 

45.67(1.04) 

48.27  (0.96) 

47.53  (0.52) 

46.62  (0.38) 

."iO 

51.24(1.48) 

.5.1..59(2.15) 

52.18(1.18) 

51.37  (0..34) 

55 

54.67(0.49) 

.58.9.1(0.70) 

56.07  (0.59) 

.56.17(0.29) 

Mean  (SD) 

.^2..50(  14.41) 

.13.29(14.10) 

35..10(  14.99) 

-14.75(14.15 

*  NEV  =  NEV-100  negalive  pressure  veniilaior;  ASV  =  Adult  Star  vcniilator:  Gauge  =  aneroid  manometer; 
CPX  =  Medgraphics  respiralorv'  monitoring  sysleni. 
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Table  2. 


Mean  and  Standard  Deviation  (SD)  of  Pn 
Device 


Values  for  Each 
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Fig.  3.  Bland-Altman  plot  of  mean  difference  from  reference  value 
for  MIP  by  each  device  (y-axis)  versus  reference  value  (x-axis). 
Error  bars  show  standard  deviation.  Symbols  show  gauge,  or 
aneroid  manometer  (O),  CPX  (A),  ASV  (■)  and  NEV-100  (D). 
The  values  generally  parallel  y  =  zero  over  the  range  of  reference 
values.  The  gauge  showed  the  greatest  vanability  of  all  devices. 


itor  (p  =  0.095).  The  difference  for  ASVs  minus  aneroid  gauge 
equaled  -2.01  (1.72)  cm  H2O  (p  <  0.05). 

The  intradevice  variability  for  MIP  attributable  to  the  3 
individual  ASVs  equaled  -0.19,  +0.42,  and  -0.23  cm  H:0 
after  adjusting  for  between-device  deviation  in  2-factor 
ANOVA  with  covariate.  The  interaction  between  device  type 
and  the  3  individual  ventilators  was  statistically  significant 
(p<0.05). 

Table  2  shows  the  mean  value  for  Po  1  limn  all  instalments 
equaled  4.97  (2.77)  cm  H2O.  Po  1  values  correlated  strongly 
among  allinstruments  (r'  >  0.931,  n  =  27,  p<  0.001,  Fig.  4). 
Figure  5  shows  differences  for  each  instrument  from  the  ref- 
erence value  for  Po  1.  The  plots  tain  roughly  parallel  to  the  zero 
line  indicating  close  agreement.  The  average  deviation  from 
reference  values  for  Po  1  equaled  +0.22  (0.30)  for  the  respi- 
ratory pressure  monitor;  +0.03  (0.36)  for  the  negative  pres- 
sure vetitilator;  and  -0.25  (0.55)  for  the  ASVs.  Thus,  all  devices 
agreed  with  the  reference  value  within  +0.30  cm  HiO  on  aver- 
age. Paired  comparisons  for  Po j  confirmed  small  but  sta- 
tistically significant  differences  for  CPX  versus  NEV,  ASV 
and  reference  value,  and  for  ASV  versus  reference  (p  <  0.05) 
but  no  significant  difference  for  NEV  versus  AS V  ( p  =  0. 1 1 5 ) 
or  reference  (p  =  0.676). 

The  intradevice  deviation  in  Po  1  between  individual  ASVs 
equaled  -K).04,  -0. 1 5,  and  -hO.  1 1  cm  H.O.  by  2-tactor  ANOVA 
with  covariate  adjusted  for  device  deviation.  The  deviations 
between  individual  ASVs  were  not  statistically  significant 
(p==  0.329). 

Discussion 

In  this  bench  study  of  equipment  accuracy,  we  found  small 
differences  in  measurement  of  MIP  and  Po  1  between  devices 
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Fig.  4.  Scatter  plot  of  Po  1  by  Adult  Star  ventilators  (y-axis)  versus 
CPX  respiratory  pressure  monitor  (x-axis;  r^  =  0.942)  as  compared 
with  line  of  identity.  Symbols  show  results  with  the  3  individual  ven- 
tilators, O  =  ASV  1,  D  =  ASV  2,  A  =  ASV  3.  Plot  shows  some 
deviation  below  the  line  of  identity  below  4  cm  H2O. 


and  still  smaller  differences  between  individual  ASVs.  We 
interpret  these  findings  to  indicate  overall  consistency  between 
instruments.  The  observed  differences  were  statistically  sig- 
nificant in  some  instances  but  this  does  not  equate  to  any  clin- 
ical importance.  Patient  factors  and  melhodologic  factors  not 
evaluated  in  the  present  study  would  likely  have  a  far  greater 
impact  than  the  accuracy  of  pressure  measurements.  Further, 
small  differences  between  types  of  devices  at  one  point  in  time 
would  not  negate  the  value  of  serial  measurements  obtained 
with  a  single  instrument. 

One  technique  for  assessing  inspiratory  muscle  strength 
in  pulmoiiiuy  function  laboratoiies  involves  having  the  patient 
make  a  single  maximal  inspiratory  effort,  usually  from  resid- 
ual volume  (RV),  with  pauses  between  repetitions.'-  This  tech- 
nique relies  heavily  on  patient  effort  and  cooperation  and  may 
not  be  appropriate  for  many  patients  on  mechanical  ventilation. 
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Fig.  5.  Plot  of  mean  difference  from  reference  value  for  Po  1  by 
each  device  (y-axis)  versus  reference  value  (x-axis).  Difference 
increases  as  input  pressure  increases.  Symbols  shiow  CPX  (A), 
ASV  (O),  and  NEV-100  (D ).  The  measured  values  parallel  the  y  = 
0.  The  gauge  shows  the  greatest  variability. 


In  a  survey  in  1986,  Marini  et  al  reported  on  a  variety  of 
metiiods  in  use  to  measure  MIP  in  ventilated  patients.'  Maiini 
and  colleagues  modified  the  measurement  of  MIP  by  con- 
necting the  endotracheal  tube  to  a  Y-piece  with  a  1-way  valve 
on  one  arm  to  permit  exhalation  to  FRC  or  below  and  by 
occluding  inspiration  for  20  seconds  to  include  multiple  breaths. 
In  1989.  Branson  and  colleagues^  and  Kacniarek  and  col- 
leagues' confirmed  the  observation  of  higher  measured  MIP 
with  the  exhalation  valve.  In  an  editorial,  Hess  called  for  stan- 
dardization of  MIP  measurement  in  the  intensive  care  setting.'' 

Branson  had  pie\'iously  compared  3  methods  of  measuiing 
MIP  in  patients:  Method  1,  an  aneroid  manometer  connected 
to  a  Y-piece;  Method  II,  addition  of  a  I -way  \alve  to  the 
Y-piece  to  permit  exhalation  to  FRC  or  below;  and  Method 
III.  a  microprocessor-controlled  ventilator  (Puritan  Bennett 
72()()a).  The  72()()a  MIP  measurement  mode  created  a  3-sec- 
ond  occlusion  and  pernntted  a  single  breath  effort  for  each 
MIP  uial.  Branson  and  colleagues  found  a  correlation  between 
Methods  II  and  111  (r  =  0.522)  but  also  found  that  the  7200a 
MIP  measurement  mode  underestimated  MIP  by  an  average 
of  20  cm  HiO.  The  authors  of  that  report  could  not  recom- 
mend MIP  values  by  the  7200a. 

Tlie  Adult  Star  \  eniilator  differs  from  the  72(X)a  w  illi  respect 
to  MIP  measurement  by  permitting  occlusion  for  up  to  20  sec- 
onds antl  multiple  breath  etfoils.  The  20-second  occlusitm  per- 
miLs  assessment  of  MIP  e\cn  when  patients  ;ire  Linable  to  coop- 
erate with  a  voluntary  effort  due  to  sedation  or  depressed  mental 
status.  The  occlusion  can  stimulate  MIP  by  transiently  rais- 
ing P;,co:  ^iiiJ  lowering  PaO:  iintl  pH,  the  chemical  determi- 
nants of  ventilatory  drive.  The  3-second  occlusion  time  offeiied 
by  the  7200a  may  be  insufficient  even  for  alert  and  fully  coop- 
erative patients  who  can  make  a  single  maximal  inspiratory 
effort  on  command,  A  3-second  occlusion  is  ceilainly  not  long 


enough  to  stimulate  chemical  determinants  for  a  multiple  breath 
measurement  of  MIP.  Measurements  of  MIP  by  the  Puritan 
Bennett  7200ae  utilize  the  same  technique  as  the  7200a.'''"-" 

The  MIP  depends  somewhat  on  the  lung  volume  at  which 
the  measurement  is  made.  At  lower  lung  volumes  inspiratory 
muscles,  such  as  the  diaphragm,  are  in  a  stretched  position 
before  contraction  which  results  in  greater  force  during  the 
ensuing  contractitm.  A  I -way  valve  allows  exhalation  to  FRC 
or  below.  As  noted  by  Rochester,'  relatively  little  difference 
in  pressure  is  produced  by  the  inspiratory  muscles  between 
RV  and  FRC,  and  tliere  is  an  advantage  to  measuring  near  FRC 
where  respiratory  system  recoil  has  little  or  no  effect  on  the 
pressure  measured. 

The  Adult  Star  ventilator  permits  willful  \  oluntary  exha- 
lation below  the  previous  end-expiratory  lung  volume  at  the 
beginning  of  the  test  but  not  throughout  the  occlusion  as  in 
the  method  of  Marini.  This  difference  may  make  the  MIP  mea- 
surement by  the  ASV  more  sensitive  to  high  levels  of  PEEP 
and/or  require  lowering  the  expected  normal  range. 

Several  studies'-'"  have  reported  that  a  high  spontaneous 
Pn.i  is  associated  with  an  unfavorable  outcome  for  removal 
from  mechanical  ventilation.  Whether  the  spontaneous  Po  i 
will  emerge  as  a  clinically  useful  bedside  weaning  parame- 
ter remains  to  be  determined.  A  recent  study  by  Capdevila 
and  colleagues'^  reported  the  ratio  of  Po j  to  MIP  gave  98*;^ 
accuracy  in  predicting  extubation  success.  The  successful  and 
unsuccessful  extubation  groups  had  Py  i  to  MIP  ratios  of  5% 
and  149^,  respectively,  in  that  study. 

Measurement  of  Po.i  values  in  the  critical  care  setting  has 
not  been  readily  available  until  recently.  Previously,  the  mea- 
surement of  P|)  I  required  user  assembly  of  an  (x;cluding  de\'ice, 
pressure  transducer,  and  recorder.  The  first  step  in  the  mea- 
surement of  Pn  1  using  the  Adult  Star  consists  of  occluding 
the  inspiratory  limb  of  the  circuit  by  pressing  a  button  dur- 
ing the  exhalation  before  the  intended  spontaneous  inspira- 
tory P().i  effort.  This  step  does  not  require  'split  second'  tim- 
ing by  the  respiratory  care  provider. 

The  present  study  had  several  limitations  that  deserve  com- 
ment. In  this  bench  study,  we  examined  the  instrumental  accu- 
racy of  the  pressure  measuring  equipment  in  3  .Adult  Star  \en- 
tilators.  We  used  a  single,  square  waxelbrm  as  the  simulated 
effort  although  spontaneous  patient  efforts  could  produce  dif- 
ferent results.  We  maintained  a  useful  but  limited  set  of  con- 
trolled conditions  for  tidal  \olume.  PEEP,  and  breathing  fre- 
quency. We  did  iu>t  siudy  the  effect  of  multiple  simulations 
or  duration  of  occlusion  on  the  agreement  betv\een  instru- 
ments. This  study  iinoKcd  no  human  subjects  and,  therefore, 
included  none  of  the  human  laciors  that  may  create  greater 
variability.  We  did  not  attempt  lo  studs  the  MIP  or  Pn  i  as 
a  function  of  \arying  lung  volumes  or  air  trapping  in  hum- 
ans. The  study  did  not  involve  carbon-dioxide-stimulated  ef- 
forts for  Pii  |. 

The  ability  to  measure  indicators  of  readiness  for  wean- 
ing without  disconnecting  the  patient  has  potential  advantages 
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that  include  infection  control  and  a\  oidance  of  reconnection 
errors.  Microprocessor-controlled  ventilators  also  offer  the 
potential  advantages  of  data  storage  for  trending  and  use  of 
the  same  equipment. 

Conclusion 

In  summary,  \alues  forMIP  and  Po.i  from  the  Adult  Star 
ventilators  correlated  well  with  other  devices  and  the  reference 
value  in  this  study.  Moreover,  the  differences  among  de\ices 
and  among  indiv  idual  ventilators  were  generally  small  and  not 
likely  to  have  clinical  significance.  We  conclude  that,  within 
the  limitations  of  this  bench  saidy.  the  equipment  accuracy  for 
MIP  and  Pq  i  measured  by  the  Adult  Star  \entilator  compared 
favorably  to  the  CPX.  NEV.  and  aneroid  gauge  de\  ices. 

PRODUCT  SOURCES 

Manometer: 

Aneroid  manometer.  Puritan-Bennett  Corp.  Carlsbad  CA 

Vacuum: 

Ohmeda  Vacuum  Regulator.  Ohmeda.  Columbia  MD 

Ventilator: 

Infrasonic  .Adult  Star  Ventilator.  San  Diego  CA 
NEV-100.  LifeCare.  Kirkland  WA 

Test  Lung: 

Vent-Aid  TTL,  Michigan  Instrumentation.  Inc.  Grand  Rapids  MI 

Respiratory  Analyzer: 

Medgraphics  Critical  Care  Management  System.  Medical  Graphics  Cor- 
poration. St  Paul  MN 

Statistical  Package: 

SPSS/PC+  Chicago  IL 
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Response  Time  of  Four  Pressure  Support  Ventilators: 
Effect  of  Triggering  Method  and  Bias  Flow 

Paul  J  Holbrook  C:RTT  and  Stanley  P  Guiles  RRT 


BACKGROUND:  Patient-ventilator  dyssynchrony  due  t(t  an  unresponsive 
ventilator  demand-flow  system  can  result  in  fatigue  and  failure  to  wean  from 
mechanical  ventilation.  PURPOSE:  We  sought  to  e\aluate  the  response  times 
(T|- )  of  several  ventilators  to  weak  inspiratory  elTorts  at  various  pressure  sup- 
port (PS)  ventilation  levels  and  to  gauge  the  effects  of  bias  flow  {B¥,  intended 
to  be  used  as  a  system  leak  compensator  and  to  reduce  the  subjective  sense 
of  delay  in  breathing  against  a  closed  system)  on  l\  when  sensitivity  is  max- 
imized. METHODS:  Flow -triggering  (FT)  was  evaluated  in  the  Siemens  S\  3(M) 
and  Puritan-Bennett  7200ae  (72()0FT),  and  pressure-triggering  (FD  was  eval- 
uated in  the  Newport  E200,  Bird  VIP.  and  Puritan-Bennett  72(Ktae  (7200PT). 
PS  was  used  to  eliminate  target  pressure  variables  that  would  favor  some  ven- 
tilators and  have  a  negative  impact  on  others.  Patient  efforts  were  simulated 
by  using  a  ventilator  to  drive  one  compartment  of  a  simulator,  adjusted  to 
produce  inspiratory  efforts  of  2  L/min,  5  L/min.  or  25  L/min  in  the  depen- 
dent compartment.  Tr  began  when  pressure  rose  in  the  drive  compartment 
and  ended  when  pressure  in  the  patient  compartment  returned  t(t  baseline. 
RESULTS:  The  E2()0  was  quicker  to  respond  than  other  ventilators  for  all 
endotracheal  tube  (FIT)  sizes.  VIP  exhibited  marked  difllculty  in  trigger- 
ing at  2  U/min  inspiratory  flow.  VTP's  response  time  was  40-75  ms  slower  than 
the  E200.  SV300  was  10-48  ms  slower  than  E200.  7200PT  was  faster  than 
7200FT.  BF  had  a  signiflcant  impact  on  some  F TT-PS  combinations.  PS  at 
3  cm  H2C)  and  2S  nmi  E  IT  resulted  in  a  30  ms  increase  in  IV.  CONCLUSIONS: 
Results  indicate  BF  levels  should  be  tailored  to  individual  patient  require- 
ments, particularly  in  neonatal  and  pediatric  applications.  \\v  conclude  that 
when  a  combination  of  BF,  continuously  adjustable  sensitivity  control,  and 
proximal  pressure  monitoring  are  used  FT  provides  no  measurable  advan- 
tage over  PT.  The  site  and  method  of  measurement  as  well  as  the  interaction 
of  demand  system  components  determines  the  total  response  to  inspiratory 
efforts.  [Respir  Care  ]997:42(  10):  952-959) 
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During  mechanical  ventilation,  inspiration  begins  when 
a  trigger  variable  thrcsiiold  is  reaeiied.  With  full  ventilator) 
support  (ie.  controlled  ventilation),  lime  is  the  trigger  vari- 
able. During  spontaneous  ventilation,  the  trigger  v ariable  can 
be  either  How  or  pressure.  Pressure  triggering  (PT)  is  accom- 
plished by  the  ventilator's  sensing  patient  effort  as  a  drop  in 
baseline  pressure  to  a  user-selected  threshold.  For  flow-trig- 
gered (F-T)  breaths,  the  ventilator  senses  the  patient's  breath 
through  a  comparison  between  inspiratory  and  expiratory  flow 
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sensors.  When  the  difference  between  the  two  sensors  reaches 
the  selected  threshold,  the  ventilator  begins  supporting  the 
patient's  efforts. 

Patient- ventilator  dyssynchrony  due  to  an  unresponsive 
demand-tTow  system  can  impose  an  isometric  load  on  the 
respiratory  muscles  that  results  in  fatigue  and  failure  to  wean 
from  mechanical  ventilation.'  Such  dyssynchrony  may  result 
from  a  combination  of  factors  including  triggering  methiid 
and  site,  demand  system  response  time,  circuit  design,  endo- 
tracheal tube  (ETT)  size,  and  high  respiratory  rate.-  When 
inspiratory  efforts  are  weak,  the  ventilator  may  be  unable 
to  recognize  spontaneous  breaths. 

Several  investigators  have  tested  ventilator  responses  at 
varied  PT  sensitivity  levels.  Martin  et  al-  evaluated  response 
time  and  work  levels  of  a  modified  Siemens  9()0C  at  "high" 
(0cm  H:0)  and  "low"  (2  cm  HjO)  |0.2  kPa|  sensitivity.  They 
concluded  that  although  the  highest  sensitivity  resulted  in  the 
shortest  response  times,  autotriggering  occurred,  rendering 
these  settings  relatively  impractical  for  the  clinical  setting. 
Gurevitch  and  Gelmont'  concluded  that  an  expanded  range 
of  trigger  sensitivity  would  enhance  synchrony  and  that  bias 
flow  (BF)  could  have  a  negative  impact  on  triggering. 

Subsequent  evaluations  of  trigger  method  have  yielded 
mixed  results.  Messinger  et  al's"*  lung  model  study  showed 
that  FT  reduced  imposed  work  of  breathing  ( WOB|)  more  than 
PT  but  that  tracheal  PT  was  far  more  effective  than  proximal 
FT  in  reducing  WOBi.  Bernstein  and  colleagues'^  noted  that 
PT  response  times  (Tr)  were  shorter  than  w  ith  FT  and  that  trig- 
ger delays  were  affected  by  patient  effort  as  well  as  by  sens- 
ing capabilities  of  the  ventilators.  Sassoon  et  aF  and  Saito  et 
aF  evaluated  PT  and  FT  in  adults  and  concluded  that  FT  was 
superior.  Jager  and  colleagues**  showed  no  improvement  in 
WOB|  with  FT  as  compared  to  PT. 

Target  pressure  control  and  sensitivity  settings  used  in 
CPAP  mode  may  explain  some  of  the  differences  observed 
in  several  recent  in-vitro  and  in-vivo  studies.^ ""  These  stud- 
ies have  compared  FT  to  PT  sensitivity  set  at  - 1  to  -2  cm  H2O, 
or  -0. 1  to  -0.2  kPa.  The  lung-model  studies  used  high  peak 
inspiratory  flows  (30-90  L/min).  The  Puritan-Bennett  7200 
has  been  noted  to  control  to  0.5  cm  HiO  above  baseline  in 
FT  while  PT  target  pressure  is  the  PEEP  level  minus  sensi- 
tivity.'- The  target  pressure  of  the  Siemens  SV300  is  base- 
line -1-2  cm  H2O'"  whereas  the  Newport  E200  controls  to  0.5 
cm  H2O  below  CPAP  level."  The  difference  in  control  meth- 
ods amounts  to  delivery  of  a  small  degree  of  PS  by  some  ven- 
tilators, which  may  have  affected  the  results  of  these  stud- 
ies. Controlling  to  a  lower  target  pressure  necessitates  a  lower 
initial  flow  to  avoid  overpressurizing  the  circuit,  thus  pro- 
longing the  return  to  the  target  level  after  inspiration  is  ini- 
tiated. A  review  of  available  literature  revealed  no  studies  that 
have  tested  a  ventilator's  capability  of  triggering  at  low  peak 
inspiratory  flows. 

Tr  is  a  component  of  trigger  work.  Total  WOB|  incorpo- 
rates both  post-trigger  and  trigger  work.  Longer  periods  of 


time  below  baseline  pressure  are  known  to  increase  total 
WOB|.'  FT  was  developed  to  reduce  this  time  period  and  its 
as.sociated  work.  M;ulin  et  al-  and  Epstein'""  defined  T,  as  end- 
ing at  I  cm  HiO  (0.1  kPa)  above  baseline  while  Konyukov 
et  al"  defined  it  as  ending  at  maximum  negative  pressure. 
Epstein  noted  that  some  ventilators  responded  long  after  the 
inspiratory  effort  ended. '^  We  hypothesized  that  inclusion  of 
an  active  lung  model  would  better  represent  clinical  condi- 
tions, as  discussed  by  Gurevitch  and  Gelmont.^  We  defined 
Tr  to  begin  when  pressure  rose  in  the  drive  compartment  and 
to  end  when  pressure  in  the  patient  compartment  returned  to 
baseline  from  its  negative  deflection  (Fig.  I ).  This  is  consistent 
with  the  definitions  of  other  authors. '■■* 


Channel  1 


Fig,  1  The  shaded  area  represents  the  pressure  drop  created  by 
drive  compartment.  The  distance  between  A  and  B  represents 
the  delay  between  onset  of  inspiratory  effort  and  ventilator's 
response.  Channel  1  is  the  drive  compartment,  Channel  2  is  the 
patient  compartment. 


The  use  of  expiratory-phase  flow,  or  BF  has  been  incor- 
porated into  many  ventilators.  BF  is  intended  to  be  used  as 
a  system  leak  compensator  (to  stabilize  ba.seline  pressure)  and 
to  reduce  the  isovolumic  pressure  drop  experienced  while 
breathing  against  a  closed  system.  Satisfying  the  earliest  de- 
mand for  flow  may  reduce  tlie  subjective  sense  of  delay.  Recent 
work  suggests  that  use  of  BF  with  PT  can  be  a  detriment  when 
weaning  from  mechanical  ventilation.  For  a  given  level  of  sen- 
sitivity, delay  time  and  trigger  work  increase  proportionally 
with  increasing  bias  tlow.'^'* 

The  objectives  of  our  study  were  ( I )  to  measure  the  total 
Tr  of  ventilators  to  weak  inspiratory  efforts  and  (2)  to  study 
the  effects  of  BF  on  PT  ventilator  Tr  when  .sensitivity  is  opti- 
mized (ie,  maximum  sensitivity  that  avoids  autotriggering). 

Methods 

Each  ventilator*  was  equipped  to  operate  in  its  specified 
patient  range(s).  and  triggering  capabilities  were  evaluated 
in  the  face  of  changing  PS  levels  and  ETT  sizes.  FT  was  eval- 
uated in  the  Siemens  SV300  and  Puritan-Bennett  7200ae 


*  Suppliers  of  commercial  products  are  listed  in  the  Product  Sources  sec- 
tion at  the  end  of  the  text. 
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(7200FT),  and  PT  was  evaluated  in  the  Newpoit  E200,  Bird 
VIP.  and  Puritan-Bennett  7200ae  (7200PT).  The  VIP  was 
evaluated  using  PT  only  because  PS  and  FT  cannot  be  com- 
bined in  that  ventilator. 

Each  ventilator  tested  was  alternately  set  to  deliver  PS  lev- 
els of  3,  10.  and  20  cm  H2O  (0.3.  1.  and  2  kPa)  with  3  or  5 
cm  H2O  (0.3  or  0.5  kPa)  CPAP  (continuous  positive  airway 
pressure).  CPAP  of  3  cm  H:0  (0.3  kPa)  was  used  to  test  neona- 
tal and  pediatric  conditions,  and  3  cm  HjO  (0.5  kPa)  CPAP 
was  applied  with  adult  ETT  sizes.  These  levels  were  chosen 
because  of  common  clinical  use  in  our  hospital.  PS  was  used 
to  eliminate  tiugel  pressure  control  variables  that  would  favor 
some  ventilators  and  have  a  negative  impact  on  others.  Breath 
triggering  was  maxiinized  by  inducing  autotriggering.  then 
decreasing  sensitivity  until  autotriggering  ceased.  Neonatal 
tubing  (10  mm  ID)  or  pediatric  tubing  (15  mm  ID)  and  a  low- 
volume  humidification  chamber  were  used  during  testing  for 
ETT  with  2.5-3.5  and  4.0-5.0  mm  ID.  Adult  tubing  (22  mm 
ID)  and  a  standard  humidification  chamber  were  used  for  test- 
ing of  6.0  and  8.5  mm  ETT  (Table  1 ).  All  leaks  around  cuf- 
tless  ETTs  were  sealed.  BF  tests  were  perfonned  t)n  the  New- 
port E200  at  flows  of  0,  2,  and  8  L/min  for  all  ETT  sizes.  The 
Newpoil  E200  was  chosen  for  the  BF  tests  because  it  was  the 
only  ventilator  that  allowed  adjustment  of  bias  How  and  opti- 
mization of  .sensitivity  in  the  PT  support  mode. 

Patient  effort  was  simulated  by  using  a  Newport  El 00  ven- 
tilator to  drive  one  compartment  of  a  lung  simulator  (Fig.  2). 
The  drive  ventilator's  settings  were  adjusted  to  produce  inspi- 
ratory efforts  of  2  L/min  (neonatal  effort).  5  L/min  (pediatric 
effort),  or  25  LVmin  (adult  effort!  in  the  dependent  compartment. 
The  values  chosen  are.  in  our  experience,  commonly  observed 
in  clinical  practice.  This  inspiratory  effort  was  measured  via 
the  Newport  E200  peak  inspiratory  How  monitor  prior  to  test- 
ing each  ventilator-ETT  combination.  The  E2(X)  uses  a  Fleisch- 
stvle  pneumotachometer  to  measure  both  tiiech;uiical  and  spon- 
taneous peak  flows  with  a  specified  accuracy  of  ±3%.  To 
measure  the  peiik  flows  tlie  E2(X)  was  put  in  spontaneous  mode, 
CPAP  of  0  cm  H:0.  PS  and  BF  controls  off.  and  sensitivity 
adjusted  as  described  abtne.  The  drive  \entilator  was  then 
adjusted  until  the  peak  inspiratory  flow  was  achieved  in  the 
deiiendent  compiulment.  The  E2(X)'s  flow  measurements  were 
verified  iniliaily  with  a  calibration  analyzer.  Performance  of 
each  iMiil  was  verified  prior  to  testing. 


Test  Ventilator 

Puritan-Bennett  7200ae 

Siemens  SV300 

Newport  WAVE 

Bird  VIP 


Drive  Ventilator 

Newport  El 00 


Pressure 
Transducer  #2 


Simulated  p^,^^ 

Patien      „  .        , 

Compartment 

^  ^        (Respiratory 

Muscles) 


Fig.  2  The  mechanical  model  used  to  measure  response  time  dur- 
ing simulated  spontaneous  breathing,  using  continuous  positive 
airway  pressure  and  pressure  support. 


Test  lung  compliance  was  set  at  0.001  L/cm  H^O  for  the 
2.5  and  3.5111111  ETTs.  0.003  L/cm  H2O  for  the  4.0  and  5.0 
mm  ETT.  and  0.055  L/cm  H2O  for  testing  the  6.0  and  8.5  mm 
ETTs.  The  patient  compartment  was  alteiTiately  connected 
to  the  test  ventilators  at  the  described  settings.  The  VIP  and 
7200PT  were  set  to  their  maximum  sensitivity  (-1  cm  H2O 
[-0.1  kPa]  and  -0.5  cm  H2O  |-().05  kPaj)  without  autotrig- 
gering SV300  inspiratory  rise-time  percent  was  adjusted  to 
a\  (lid  exceeding  t;irget  pressures  in  early  inspiration  and  resul- 
tant premature  termination  of  inspiration  and  subsequent 
autotriggering.'^  The  rise  time  required  adjustment  only  for 
the  neonatal  ETTs  and  was  limited  to  the  1  or  2%  setting.  The 
72()OFT  testing  was  perfomied  using  flow-by  of  5  L/min  and 


Table  1 .      Suminar)'  of  Conditions  under  Which  Ventilators  Were  Tested. 


Operation 
Range 

.Simulated 
Demand  Flou 

Ventilator 
Circuit  Size 

ETT*  Size 

Test  Lung 
Compliance 

CPAP  Level 

Neonatal 
Pediatric 

Adult 

2  L/min 

5  L/min 

25  L/min 

111  mm  ID 
15  mm  ID 
22  mm  ID 

\P  =  continuous 

2.5-3.5  mm  ID 
4.0-5.0  mm  ID 
6.0-8.5  mm  ID 

positive  airway  pressure 

0.001  L/cmHiO 
0.003  L/cm  H:0 
0.055  L/cm  H:0 

3  cm  H:0 
3  cin  H:0 
5  cm  H:0 

*  ETT  =  endotracheal  lube;  CP/ 
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sensitivity  of  - 1  L/min.  Testing  conditions  are  summarized 
in  Table  I. 

To  determine  T^.  a  pressure  transducer  was  connected  to 
each  compartment  of  the  lung  simulator.  The  transducers  were 
in  turn  connected  to  a  2-channel  recorder,  and  pressure-time 
tracings  were  recorded  at  100  mm/s.  Recorder  gain  was 
adjusted  using  a  calibrated  pressure  monitor.  Five  breaths  were 
recorded  after  allowing  1-2  minutes  of  cycling  to  eliminate 
possibility  of  extraneous  triggering  and  to  allow  ventilators 
with  automatic  rise-time  adjustment  to  stabilize. 

Each  ventilator's  T^  values  for  all  ETT-PS  combinations 
were  tested  for  statistical  differences  using  the  Scheffe  test 
(n  =  5);  p  <  0.05  was  considered  significant.  BF  values  for 
the  E200  were  evaluated  for  statistical  significance,  then  com- 
pared to  the  SV300.  Both  cases  utilized  the  Scheffe  test  (n 
=  3)  with  significance  of  p  <  0.05. 

Results 

The  mean  values  and  standard  deviations  for  Tr  are  pro- 
vided in  Tables  2  and  3.  For  neonatal  test  conditions  (2  L/min 
demand  flow),  the  E200  Tr  was  32-34  ms  (39%)  faster  than 
the  S V300  and  95- 1 00  ms  (65% )  faster  than  the  VIP.  One  test 
combination  (3.5  ETT.  PS  3  cm  H:0)  of  the  E200  was  faster 
than  the  SV300  but  the  difference  did  not  reach  statistical  sig- 
nificance. Statistically  significant  differences  were  noted  for 
all  other  E200  test  conditions  when  compared  to  both  the 
SV300  and  the  VIP.  The  SV300  was  38-67  ms  (mean  5 1  ms. 
or  48%)  quicker  than  the  VIP.  The  VIP  failed  to  recognize 
60-70%  of  patient  efforts  at  2  L/min  peak  inspiratory  flow. 

For  pediatric  test  conditions  (5  L/min  demand  flow)  all  test 
combinations  for  the  E200  were  faster  than  the  SV300  and 
the  VIP.  One  test  condition  (4.0  mm  ETT.  PS  3  cm  HjO) 
showed  no  statistically  significant  difference  between  the 
SV300  and  the  E200.  Absolute  differences  between  SV300 
and  E200  were  1 3- 1 7  ms  ( 1 6% ).  The  VIP  was  40-75  ms  ( mean 
58  ms,  or  45% )  slower  than  the  E200  and  27-67  ms  (mean 


Table  2.      Mean  and  Standard  Deviation  (SD)  Values  for  Response 
Times  (ms)  tor  Pediatric  and  Neonatal  Endotracheal 
Tube-Pressure  Support  (PS)  Combinations  (n  =  5). 


Tube 

PS 

Siemens 

Newport 

Bird 

Size 

(cm  H:0) 

SV300 

E200 

VIP 

2.5 

3 

87.3(6.1)* 

52.4(9.3)' 

149.9(14.5)= 

10 

78.6(5.6)* 

46.1  (4.0)' 

142.9(15.2)* 

20 

82.9(4.3)* 

49.7(1.9)' 

149.4(6.9)' 

3.5 

3 

95.7(2.0)* 

85.4(1.2) 

126.3(13.0)* 

10 

90.6(3.5)* 

52.6(2.4)' 

128.8(13.0)* 

20 

77.6(1.3)* 

46.2  (7.2)' 

121.5(13.4)* 

4.0 

3 

99.4  (4.5)* 

86.4  (5.8) 

126.3(12.4)* 

10 

83.8  (2.6)* 

70.7  (4.9)' 

150.4(4.7)* 

20 

72.9(3.7)* 

55.4  (4.3)' 

137.4(6.7)* 

5.0 

3 

124.4(8.2)* 

111.4(4.0)' 

156.4(2.0)* 

10 

94.2  (2.4)* 

78.5  (2.9)' 

143.2(4.5)* 

20 

74.6(3.3)* 
js  VIP. 

62.1  (3.4)' 

137.1  (11.2)* 

*  p  <  0.05  for  SV.TOO  vers 

t  p  <  0.05  for  E200  versus 

SV300. 

i  p  <  0.05  for  E200  versus 

VIP 

50  ms.  or  35%)  slower  than  the  SV300.  The  VIP  triggered 
without  difficulty  at  this  inspiratory  flow  level. 

Adult  test  conditions  showed  the  E200  to  be  significantly 
faster  than  both  SV300  and  7200.  The  largest  absolute  dif- 
ferences between  SV300  and  E200  were  noted  under  these 
conditions  (mean  39  ms.  or  37%).  Further,  the  E200  averaged 
44%  (39  ms)  faster  than  7200PT  and  57%  (71  ms)  faster  than 
7200FT.  Of  the  6  SV300  trials.  4  were  slower  than  7200PT. 
while  SV300  out  perfonned  7200FT  in  all  trials  (mean  32  ms. 
or  27%).  7200PT  was  significantly  faster  than  7200FT  in  5 
of  6  trials  (mean  35  ms.  or  29%). 

Bias  flow  results  for  the  E200  are  summarized  in  Table 
4  and  Figure  3.  Triggering  was  not  possible  for  the  com- 
bination of  2.5  ETT-PS  3  cm  H2O  at  BF  of  8  L/min.  Where 
triggering  was  possible,  66%  (range  0.2-31  ms)  of  neona- 
tal trials  showed  a  significantly  increased  Tr  when  BF 


Table  3.      Mean  and  Standard  Deviation  (SD)  Values  for  Response  Times  (ms)  Obser\'ed 
under  Simulated  Adult  Conditions,  (n  =  5). 


Tube 

Pressure  Support 

Siemens 

Newport 

Nellcor  Puritan 

Nellcor  Puritan 

Size 

(cmHiO) 

SV300 

E2()0* 

Bennett  7200PT'* 

Bennett  7200FT*" 

6.0 

3 

89.8(3.3)' 

43.8(1.9) 

99.5     (4.2 1 

114.2(7.9) 

10 

75.4(2.3)1 

46.5(2.0) 

118.6     (6.7) 

114.0(1.3) 

20 

91.0(3.2)11 

43.3(2.0) 

63.4     (7.01 

117.5(7.5) 

8.5 

3 

97.6(3.76)' 

50.1  (2.8) 

75.7   (ll.ll 

132.6(7.3) 

10 

69.0(0.6) 

44.2(1.7) 

64.3     (7.0) 

124.5(1.2) 

20 

79.1(1.7) 

41.0(6.4) 

74.1      (5.7) 

93.5  (4.2) 

*  p  <  0.05  for  E200  versus  SV.300. 
t  p  <  0.05  for  E200  versus  72()0PT. 
t  p  <  0.05  for  7200PT  versus  7200PT. 
§  p  <  0.05  for  £200  versus  72()0FT. 
II  p  <  0.05  for  SV300  versus  720OFr. 
1  p  <  0.05  for  SV300  versus  72O0PT. 
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Table  4.      Mean  Values  of  the  Effects  of  Bias  Flow  (BF.  in  L/min) 
on  Response  Titiie  for  the  E200  Ventilator  (n  =  5). 


Endotracheal  Tube  Si/e 

2.5 

3.5 

4.0 

5.0 

6.0 

8.5 

PS  3  cm  H2O 

BFO 

52.4* 

85.4* 

86.4* 

111.4* 

43.8* 

50.1* 

BF2 

82.9= 

75.9' 

96.5= 

126.4 

66.1 

44.7' 

BF8 

— 

92.9' 

735 

94.6= 

54.9' 

53 

PS  l()cniH20 

BFO 

46.1* 

52.5* 
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*  p  <  0.05  for  BF  0  versus  BF  8. 
t  p  <  0.05  for  BF  0  versus  BF  2. 
$  p  <  0.0.5  lor  BF  2  versus  BF  8. 
PS  =  Pressure  Support 


for  0  and  2  L/min  (range  3-19  ms).  83%  were  slower  between 
0  and  8  L/min  (range  5- 1 7  ms).  and  SO'^  were  slower  between 
2  and  8  L/min  (range  0-31  ms).  For  the  adult  range  tests.  50% 
of  trials  (range  0-23  ms)  were  significantly  slower  for  0  and 
2  L/min.  The  0  and  8  L/min  test  yielded  a  significantly 
increased  Tr  in  66%  of  the  trials  (range  0-12  ms).  Of  tests 
between  2  and  8  L/min,  50%  were  significantly  different 
(range  0-9  ms).  The  largest  increase  occurred  between  BF 
0  and  2  L/min. 

In  all  cases,  despite  the  statistically  significant  increase 
in  Tr  with  the  addition  of  BF,  the  E200  remained  faster  than 
all  other  \cntiiutors.  Data  from  the  E2()()  at  BF  2  and  8  L/min 
were  compared  to  the  Tr  values  of  the  SV300.  In  25  of  36 
comparisons  (69%),  the  Tr  of  the  E200  remained  significantly 
shorter  than  those  of  the  SV300  (Table  5).  Differences 
between  the  SV300  and  E200  did  not  appear  to  be  related 
to  the  BF  level. 

Table  5.      Mean  Values  of  the  Comparison  of  Newpon  Wave  at  Bias 

Flow  (BF.  in  L/min)  2  and  BF  8  versus  Siemens  SV3(X)  (n  =  5). 


2.5 


Endotracheal  Tube  Size 
3.5  4.0  5.0  6.0 


8.5 


BFO 


BF2 
Bias  Flow.  (LVmin) 


BF8 


Fig.  3  Effect  of  bias  flow  on  response  time,  displayed  as  mean  for 
all  endotracfieal  tubes,  bias  flows,  and  pressure  support  levels,  ■ 
=  PS  3,   ■  =  PS  10.  □  =  PS  20 


increased  tiom  0  to  2  L/min  and  from  0  to  S  L/min  ( 100%. 
range  5-37  ms).  The  differences  noted  between  2  and  8  L/min 
were  significant  in  80%  of  tests  (range  16-31  ms).  Pediatric 
range  tests  sht)vved  that  66%  of  tests  were  significantly  slower 
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•  p  <  0.05  for  BF  2  versus  SV  m). 
t  p  <  0.05  for  BF  8  versus  SV  M). 
PS  =  Pressure  Suppon 


Discussion 

Our  objectives  were  to  comp;ire  Tr  of  both  PT  and  FT  ven- 
liiators  while  attempting  to  remove  target  pressure  control 
variations  (operational  biases).  We  also  quantified  the  effects 
of  BF  on  Tr  in  one  PT  ventilator.  The  VIP's  inconsistent 
response  could  be  partly  attributed  to  its  stepped  sensitivity 
control  (whole  numbers  >  1  cm  H:0).  The  inconsistent 
response  appears  to  provide  a  limitation  to  triggering  PS 
breaths  at  low  inspiratory  flows.  Further.  \  iiriabilily  is  maiked 
compared  to  that  of  other  ventilators  as  can  be  seen  from  the 
size  of  the  standard  de\iation  relative  to  other  ventilators  at 
the  same  settings  (Table  1 ).  Both  the  SV300  and  the  E200 
have  a  continuously  adjustable  trigger  control  (ie.  no  discrete 
increments);  howe\er.  tlie  SV3(J0  measures  pressure  and  flow 
from  w  ithin  the  ventilator  and  also  has  a  manual  pressure- 
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slope  control.  Response  of  the  E200  may  be  due  to  proxi- 
mal pressure  monitoring  as  well  as  to  its  proprietary  auto- 
malic  slope  control  (called  "predictive  leiuning  logic"  in  prod- 
uct literature). 

We  cannot  fully  explain  the  differences  in  the  performance 
of  the  7200.  The  exhalation  valve  of  the  7200  is  held  par- 
tially open  during  tlow-by.''  The  difference  between  7200PT 
and  7200P-T  could  be  due  partly  to  the  time  necessiiry  to  ener- 
gize the  exhalation  valve  during  tlow-triggercd  PS.  The  72(K). 
like  the  VIP,  has  stepped  sensitivity  controls  for  both  FT  and 
PT.  This  may  also  present  a  delay  in  triggering.  Lastly,  the 
pressure  and  tlow  sampling  rate  of  the  7200  is  20  ms."'  This 
is  longer  than  the  10-ms  sampling  rate  of  the  E200  and  the 
2-ms  sampling  rate  of  the  SV300.*  This  difference  in  sig- 
nal filtering  may  represent  a  portion  of  the  performance  dif- 
ference between  the  7200  and  the  E200.  The  gains  from  a 
faster  sampling  rate  of  the  SV300  may  be  negated  by  the  site 
of  pressure  and  How  measurement.  Inspiratory  effort  may 
also  have  a  significant  impact  upon  Tp  Our  results  also  dif- 
fer significantly  from  those  of  Branson'-  who  found  that  dur- 
ing FT.  the  7200  triggered  more  quickly  when  compared  to 
PT.  The  72()()FT  target  is  0.5  cm  H2O  over  baseline  versus 
a  PT  algorithm  that  controls  to  a  pressure  level  equal  to  the 
difference  between  PEEP  and  the  sensitivity  level.'-  Fuilher. 
the  SV.^00  targets  baseline  plus  2  cm  HjO  inespective  of  trig- 
ger method,'"  whereas  the  E200  controls  to  CPAP  level." 
We  chose  to  eliminate  variances  in  post-trigger  control  to 
reduce  their  effects  on  T,. 

The  unexpected  results  for  PS  of  3  cm  H2O  and  5.0-mm 
ETT  may  be  explained  by  limitations  of  the  lung  model  (Table 
2  &  Fig.  4).  The  lung  simulator  has  one  infant  compartment 
and  one  adult  compartment.  We  believe  the  5.()-mm  ETT  data 
demonstrate  the  limitations  of  this  model  for  the  evaluation 
of  pediatric  variables.  At  PS  of  3  cm  H:0.  the  infant  lung  was 
connected  to  the  test  ventilator  and  the  drive  ventilator  to  the 
adult  lung.  Intlation  of  the  infant  compartment  was  signifi- 
cantly greater  with  the  5.0-mm  ETT  than  with  the  smaller  ETTs 
tested.  This  caused  a  severe  recoil  of  the  infant  lung  at  end- 
exhalation  that  required  a  reduction  in  sensitivity  to  avoid 
autotriggering  An  excellent  description  of  (and  solution  to) 
this  phenomenon  is  described  by  Branson  and  Davis."  At  the 
higher  PS  levels,  the  infant  lung  was  connected  to  the  drive 
ventilator,  and  the  resultant  Tr  was  closer  to  the  results  for  other 
ETT  sizes. 

Carmack  et  al'"  noted  that  in  PT  and  FT  of  the  SV300  FT 
showed  less  WOB|.  The  post-trigger  target  pressure  of  the 
SV300  is  the  same  regardless  of  trigger  method  (2  cm  HiO 
above  baseline).  Their  results  suggest  that  the  difference 
between  PT  and  FT  lies  in  the  trigger  mechanism  rather  than 
the  sustaining  algorithm.  Sassoon  and  Mahutte"  imply  that 
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*Duane  Sell.  Newport  Medical  Instruments,  and  Jeffrey  Buniell.  Siemens 
Electromedical  Group.  1996:  personal  communication. 


Fig.  4  Mean  response  times  for  all  pressure  support  levels  and 
endotracheal  tube  sizes.  •  =  SV300.  D  =  E200,  A  =  VIP,  O  = 
7200  PT,  ▲  =  7200  FT 

the  difference  between  PT  and  FT  is  due  to  the  incorpora- 
tion of  bias  flow  and  the  ability  to  adjust  sensitivity  by  fine 
increments.  Branson'-  has  noted  that  it  is  preferable  to  pres- 
sure-trigger from  a  measured  PEEP  rather  than  set  PEEP.  Trig- 
gering from  a  measured  value  can  introduce  enors  in  PEEP- 
level  identification  due  to  signal  noise.  Extensive  signal 
conditioning  must  then  be  perfonned  thus  extending  response 
time.  Simultaneous  comparison  of  a  reference  pressure  (eg, 
exhalation  valve)  with  a  leak -compensated,  measured  PEEP 
level  allows  PT  sensitivity  settings  much  closer  to  0  cm  HiO 
with  reduced  autotriggering.  This  could  explain  the  low  T, 
of  the  E200.  particularly  without  bias  tlow  (Fig.  4).  Jager  and 
co-workers'*  found  no  difference  between  FT  and  PT  in  a  group 
of  7  chronic  obstmctive  pulmonary  disease  (COPD)  patients. 
Although  they  do  not  discuss  PT  sensitivity  settings  in  their 
work,  they  noted  the  average  pressure  drop  to  be  4. 1 1  cm  HiO 
in  PT  and  4.41  cm  HiO  in  FT.  Consequently  they  concluded 
that  no  apparent  advantage  for  FT  existed. 

Flow  occurs  in  response  to  a  pressure  gradient.'^  We  hy- 
pothesized that  if  a  small  pressure  change  could  be  adequate- 
ly detected.  FT  might  be  as  effective  as  FT.  Our  results  indi- 
cate that  when  a  combination  of  proximal  pressure  monitoring, 
adjustable  bias  tlow,  and  a  sensitivity  control  that  allows  fine 
incremental  adjustments  are  used,  PT  can  be  superior  to  FT 
with  respect  to  Tr. 

The  second  portion  of  this  study  assessed  the  effects  of  BE 
on  Tr.  Clinical  experience  with  BF  on  the  E2()0  has  shown 
us  that  sensitivity  can  be  adjusted  neiuly  to  0  cm  H2O,  thereby 
minimizing  the  pressure  fluctuations  that  have  been  associ- 
ated with  increased  work.'  Two  authors  maintain  that  if  sen- 
sitivity is  held  constant  and  bias  fiovv  is  added,  Tr  will  increa.se 
because  a  demand  in  excess  of  BF  must  be  created."  ''^ 
Konyukov  et  al"  detennined  in  their  study  that  Tr  and  its  asso- 
ciated work  increased  and  pressure  suppt)rt  time  was  reduced 
as  bias  flow  increased.  They  concluded  this  was  likely  due 
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to  the  length  of  time  required  to  exceed  the  BF  level  and  cre- 
ate the  pressure  drop  required  to  trigger  the  tested  ventilator. 
They  state  that  a  good  portion  of  a  patient's  tidal  volume  may 
be  derived  from  this  BF  prior  to  triggering  the  demand  flow. 
It  is  helpful  to  understand  the  relationship  between  bias 
flow,  FT  sensitivity  level,  and  a  patient's  inspiratory  efforts. 
When  BF  is  used,  the  ventilator  circuit  is  open  (that  is,  some 
combination  of  leaks  exist,  and/or  the  exhalation  valve  is  open 
to  maintain  baseline  pressure).  To  generate  the  required  trig- 
ger pressure,  the  patient  must  cause  a  pressure  drop  equiva- 
lent to  the  product  of  inspiratory  flow  and  the  resistance  of 
the  exhalation  manifold-leak  combination  (pressure  =  resis- 
tance X  flow),  which  is  independent  of  the  bias  flow  itself  How- 
ever, for  any  PEEP  level,  the  higher  the  bias  flow,  the  lower 
the  manifold  and/or  leak  resistance  must  be,  and  therefore, 
the  higher  the  inspiratory  How  must  be  to  reach  the  trigger 
level.  This  relationship  may  be  expressed  mathematically  as 

PEEP  =  Rnunllold-leak  X  BF. 
PEEP  -  Pingger  =  (RmaniloW-leak  X  BF)  —  (Rmanilolil-leak  X  Vinspjralciry)- 


=  (Rmanilc.ld-leafc)  (BF  -  V,; 


nspiralory 


where  Pi 


logger 


PT  sensitivily  level  and  V.nspir 


=  spontaneous  inspiratory  flow  to  trigger  the  ventilator. 

As  BF  increases  Tr  increa.ses  if  the  inspiratory  effort  remains 
constant.  This  was  observed  in  83%  of  neonatal  trials,  75% 
of  pediatric  trials,  and  83%  of  adult  trials.  The  largest  impact 
of  increasing  BF  levels  was  noted  in  the  neonatal  test  conditions. 

The  results  from  Table  3  are  in  contrast  to  the  findmgs  of 
Konyukov  et  al"  in  that  when  BF  is  equal  to  8  L/min,  PS 
breaths  are  still  triggered  with  a  minimal  Tr.  Campbell  and 
Branson"  also  state  that  PT  of  the  E2()()  requires  demand  in 
excess  of  BF.  If  sensitivity  is  fixed  at  an  arbitrary  value,  their 
assertions  may  be  true.  If  demand  in  excess  of  BF  were  truly 
necessary,  we  should  not  have  been  able  to  trigger  at  either 
BF  level  when  testing  the  neonatal  and  pediatric  settings.  BF 
levels  were  chosen  to  test  this  presumption  in  conjunction  with 
optimal  sensitivity.  It  should  be  noted  that  the  only  inspira- 
tory demand  that  exceeded  all  BF  levels  was  that  of  the  adult 
range  testing.  There  appears  to  be  a  BF  level  for  which  no 
increase  in  sensitivity  can  compensate,  as  evidenced  by  the 
data  for  the  2.5-mm  ETT  (Table  3). 

In  this  regard  we  concur  with  Gurevitch  and  Gelmont'  that 
certain  BF  levels  are  detrimental.  Konyukov  and  colleagues" 
imply  that  use  of  BF  may  complicate  the  course  of  COPD 
patients.  The  BF  system  of  the  E200  ventilator  is  activated 
only  when  proximal  pressure  is  within  3  cm  H2O  of  targeted 
baseline  pressure.  Additionally,  if  baseline  pressure  subse- 
quently rises  2  cm  HiO,  BF  is  again  turned  off.'-  We  spec- 
ulate that  when  BF  and  sensitivity  are  optimized,  the  E200 
may  pro\  ide  an  advantage  in  ventilating  patients  with  an 
obstructive  pattern.  A  short  Tr  may  improve  dyspnea,'  and 
inclusion  of  a  control  method  for  BF  may  avoid  excessive 


expiratory  resistance.  This  combination  may  reduce  the  occur- 
rence of  intrinsic  PEEP  in  obstructive  lung  pathology.  The 
addition  of  BF  in  a  PT  ventilator  requires  the  clinician  to  re- 
adjust the  sensitivity  control  to  maintain  the  optimal  uiggering 
threshold,  particularly  when  dealing  with  weak  inspiratory 
efforts.  Our  clinical  experience  has  led  us  to  believe  that  incor- 
poration of  a  bias  flow  system  has  enhanced  our  ability  to  wean 
patients  from  mechanical  ventilation  as  evidenced  by  improve- 
ments in  synchrony,  agitation,  capnography.  and  changes  in 
tidal  volume. 

Comparisons  have  demonstrated  an  advantage  in  FT  in  the 
laboratory-*'"'"-"  and  the  clinical  setting."^-'  It  is  interesting 
to  note  that  these  studies  have  compared  FT  with  PT  sensi- 
tivity fixed  at  -1  to  -2  cm  H2O.  Given  this  fixed  level  of  low 
PT  sensitivity,  it  is  not  surprising  that  a  FT  system  shows  less 
WOBi.  PT  sensitivity  can  be  increased  significantly,  espe- 
cially when  a  ventilator  incorporating  a  bias  fiow  system  is 
used.  In  our  study,  we  noted  that  the  maximum  negative  pres- 
sure attained  in  the  dependent  compartment  was  less  than 
-1 .0  cm  HiO  at  peak  inspiratory  flow  of  5  L/min. 

Conclusion 

We  compared  FT  and  PT  under  laboratory  conditions  of 
optimum  sensitivity,  without  system  leaks  in  various  ETT  sizes 
and  PS  levels.  One  must  carefully  consider  the  extrapolation 
of  these  results  to  the  clinical  setting  until  further  investigation 
is  complete.  We  did  not  observe  the  effect  of  optimal  sen- 
sitivity on  post-trigger  variables  such  as  breath-termination 
and  its  effects  on  tidal  volume.  The  "response  time"  of  our 
model  incorporated  tlie  period  beginning  with  pressure  changes 
in  the  drive  section  of  the  test  lung  to  the  point  in  time  where 
baseline  pressure  was  re-established  in  tlie  patient  compartment 
(Figs.  1  &  2).  Recent  work--  suggests  that  a  20%  reduction 
in  WOBi  is  clinically  important.  A  reduction  in  Tr  of  less  than 
20%  may  be  clinically  unimportant.  Although  we  believe  total 
system  response  is  more  important  than  the  trigger  method 
itself,  trigger  work  represents  an  important  portion  of  the  total 
WOB].' "  The  site  and  method  of  measurement,  demand  sys- 
tem components,  and  the  controlling  algorithm  all  contribute 
to  the  total  response  of  a  ventilator  to  spontaneous  respira- 
tions. These  data  indicate  that  pressure-triggering  can  be  as 
effective  as  flow-triggering  in  minimizing  Tr  to  weak  inspi- 
ratory efforts.  We  further  conclude  that  BF  need  not  have  a 
detrimental  effect  on  ventilator  response.  It  is  important  that 
the  practitioner  understand  the  ventilator's  proper  use  and  lim- 
itations and  to  adjust  the  ventilator  to  the  patient's  condition. 
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PRODUCT  SOURCES 

Lung  Simulator: 

Model  1601.  Michigan  Instruments.  Grand  Rapids  MI 

Endotracheal  Tubes: 

ETCO:  Tracheal  Tube.  Sheridan  Catheter  Corporation.  Arg\  le  NY 
Emergency  Medicine  Tube,  Mallinckrodt  Medical  Inc,  St  Louis  MO 

Pressure  Transducers: 

Deltran  DPT- 100.  Utah  Medical  Products.  Midvale  UT 

Recorder: 

Model  WR7500.  Western  Graphtec.  Irvine  CA 

Ventilator  Circuits  &  Humidification  Chambers: 

Fisher-Paykel  MR300  and  MR320.  Baxter-Isothermal.  Riverside  CA 

\'entilators: 

Models  El 00  and  E200.  Newport  Medical  Instruments  Inc.  Newport 

Beach  CA 
Model  SV300.  Siemens  Medical  Systems  Inc.  Danvers  MA 
Model  VIP,  Bird  Products  Corporation.  Palm  Spnngs  CA 
Model  7200ae.  Nellcor  Puritan  Bennett  Corporation.  Carlsbad  CA 

Other  Devices: 

Timeter  RT200  Calibration  Analyzer.  Allied  Healthcare  Products.  St 

Louis  MO 
Pneumogard  1200.  Novametrix  Medical  Systems  Inc.  Wallingford  CT 
Statistical  Analysis  Software.  SAS  Institute  Inc,  Carey  NC 
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Effect  of  Expiratory  Flow  on  Moisture  Output  of  Passive  Humidifiers 
as  Measured  by  the  ISO  9360  Standard 

Richard  D  Branson  RRT,  Robert  S  Campbell  RRT,  and  Kenneth  Davis  Jr  MD 


BACKGROUND:  Adequate  humidification  of  inspired  gases  during  mechan- 
ical ventilation  is  essential  to  mucosal  structure  and  function.  Passive  liumid- 
ifiers  ( PH ),  or  artificial  noses,  have  become  popular.  International  Standard 
Organization  (ISO)  Standard  9360  describes  a  laboratory  method  for  test- 
ing PHs,  specifying  that  expiratory  time  should  be  twice  inspiratory  time  but 
failing  to  specify  expiratory  flow  and  flow  pattern.  We  compared  the  mois- 
ture output  of  2  PHs  (one  with  low  and  one  with  high  dead  space)  at  3  expi- 
ratory flows.  DESCRIPTION  OF  DKVICP:S:  Two  PHs  were  studied  (Por- 
tex  600,  dead  space  =  10  niL,  and  ARC  ThermoFlo.  dead  space  =  90  mL). 
EVALUATION  METHODS:  Both  devices  were  tested  for  moisture  output 
(mg  HiO/IJ  according  to  ISO  9360.  Moisture  output  was  measured  by  deter- 
mining weight  loss  fn»m  a  water  bath  during  a  2-hour  period  of  ventilation 
at  a  frequency  of  10  breaths/min;  tidal  volume  of  1000  niL;  and  inspiratory 
flow  of  0.5  L/s,  using  a  square  inspiratory  flow  waveform.  Three  units  of  each 
device  were  tested  with  3  descending  ramp  (exponential  deca>)  expiratory  flow 
patterns,  with  mean  fiows  of  (1)  0.25  L/s;  (2)  0.33  L/s;  and  (3)  0.5  L/s.  These 
flows  resulted  in  an  expiratory  flow  duration  of  4  s,  3  s,  and  2  s  with  the  3-s 
flow  allowing  a  pause  of  1  s,  and  the  2-s  flow  a  pause  of  2  s,  prior  to  the  sub- 
sequent breath.  EVALUATION  RESULTS:  Moisture  output  for  both  devices 
declined  as  the  expiratorv  tlow  increased  ( reduced  duration  of  expiratory  flow). 
The  decrease  was  significant  at  0.5  L/s  versus  0.25  L/s  for  the  large  dead-space 
device  [mean  (SD)  =  29.4  (1.4)  mg  H2O/L  vs  33.9  (0.7)  mg  H2O/L,  p  <  t).05| 
and  at  each  increase  in  expiratory  fiow  with  the  small  dead-space  device  |25.1 
(0.9)  mg  H2O/I.  vs  23.0  (1.0)  mg  H2O/I.  vs  19.7  (0.7)  mg  H2()/l.,  p  <  0.05|.  CON- 
CLUSIONS: The  ISO  9360  system  allows  ranking  of  devices  in  terms  of  mois- 
ture output,  dead  space,  and  resistance.  Our  findings  suggest  that  the  Stan- 
dard should  specify  the  expiratory  flow.  Flow  diflerences  may  help  to  explain 
the  diflerences  in  results  between  studies  of  the  same  devices  using  ISO  9360. 
Our  findings  also  suggest  that  when  expiratory  flow  is  increased  (eg,  in  sub- 
jects with  reduced  lung  compliance),  moisture  output  of  PH  may  be  lower  than 
stated  in  the  manufacturer's  literature.  |Rcspii  Care  19^)7;42(  l()):y6()-yf)41 
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inspired  gases  in  the  intensive  care  unit.  In  the  past  decade, 
however,  passive  humidifiers  (artificial  noses)  ha\e  be- 
come popular.''^ 

An  artificial  nose  is  a  device  that  passively  collects  the 
patient's  expired  heat  and  moisture  in  a  medium  and  returns 
a  portion  of  it  during  inspiration.  The  particular  method  used 
to  retain  and  exchange  heat  and  moisture  allows  these  devices 
to  be  classified.  The  simplest  devices  use  a  medium  that  traps 
heat  and  moisture  by  physical  principles  alone.  These  are 
referred  to  as  heat  ;uid  moisture  exchangers  (HME).  If  an  HME 
also  contains  a  filter  (F).  it  can  be  considered  an  HMEF.  In 
an  effort  to  improve  the  moisture  conserving  properties  of  an 
HME.  many  manufacturers  treat  the  media  w  ith  a  hygroscopic 
salt  (calcium  or  lithium  chloride).  These  devices  are  called 
hygroscopic  condenser  humidifiers  ( HCH )  and  use  both  phys- 
ical and  chemical  properties  to  retain  and  exchange  moisture. 
An  HCH  with  a  filter  is  considered  an  HCHF. 

Evaluation  of  HMEs  and  HCHs  has  been  attempted  in 
numerous  fashions  both  in  vitro  and  in  vivo."  '"*  In  1988,  the 
International  Standards  Organization  (ISO)  developed  a  test 
method.  ISO  9.^60.  to  evaluate  HMEs  and  HCHs."  In  1990. 
Eckerbom  and  Lindholm  published  an  e\aluation  of  six  devices 
based  on  ISO  9360.'"  In  1996,  we  published  our  evaluation 
of  21  passive  humidifiers  based  on  the  Standard.'^  When  we 
compared  our  results  to  that  of  Eckerbom  and  Lindholm'"  and 
work  from  Wilkes  et  al."^  we  found  some  points  of  dis- 
agreement. One  of  those  was  related  to  the  control  of  expi- 
ratory flow. 

The  purpose  of  our  study  was  to  determine  the  effects  of 
changing  expiratory  flow  on  the  moisture  output  measured, 
using  the  ISO  9.%0  test  method.  We  hypothesized  that  the  lack 
of  a  specified  expiratory  flow  duration  might  explain  the  dif- 
ference in  results  for  the  same  device  when  independent  authors 
employed  the  ISO  9360  methodology.  By  testing  2  passive 
humidifiers  with  different  dead-space  volumes,  we  also 
attempted  to  determine  the  relationship  between  any  change 
caused  by  the  expiratory  flow  and  device  size. 

Materials  &  Methods 

Device  Description 

We  studied  2  passi\e  humidifiers.*  Both  passive  humid- 
ifiers were  available  in  our  laboratoi^,  and  they  were  selected 
based  on  the  dead  space  of  the  devices.  We  chose  one  with 
a  small  dead  space  (Poilex  600.  dead  space  =  10  mL)  and  one 
with  a  large  dead  space  (ARC  ThermoFlo,  dead  space  =  90 
niL).  The  Portex  device  is  an  HCH,  and  the  ARC  device  is 
an  HCHF. 


Model 

The  test  system  described  in  ISO  9360  was  built  and  is 
shown  in  Figure  1 .  The  model  consists  of  a  temperature-con- 
trolled Cascade  I  humidifier,  a  set  of  1  -way  valves,  and  2  rub- 
ber test  lungs.  Breathing  was  simulated  with  a  Puritan  Ben- 
nett 1200  ventilator,  and  tidal  volume  and  minute  volume  were 
continuously  monitored  by  a  variable  orifice  pneumotachometer 
connected  to  a  respiratory  monitor. 


Temperature  Controller        Temperature  Measurement 


*Suppliers  of  commercial  products  are  listed  in  the  Product  Sources  sec- 
tion at  the  end  of  the  text. 


Fig.  1 .  ISO  lung  model  for  testing  passive  humidifiers  (PH)  for  con- 
formance to  9360  Standard. 


Gas  from  the  ventilator  at  an  inspired  oxygen  concentration 
of  0.50  (temperature  of  21  °C  and  absolute  humidity  of  < 
1 .0  mg  H2O/L)  was  delivered  to  the  lung  model  at  a  tidal 
volume  of  1000  mL  and  frequency  of  10  breaths/min.  Gas 
traverses  the  pneumotachograph  and  is  directed  by  I -way 
\  alves  into  the  test  lungs.  During  simulated  expiration,  gas 
is  forced  by  the  test  lungs  through  the  tower  of  the  Cascade 
I.  picking  up  heat  and  humidity  for  return  into  the  ventila- 
tor circuit.  The  heating  element  of  the  humidifier  is  set  at 
the  highest  setting  and  the  power  cord  plugged  into  a  servo- 
controlled  temperature  controller.  A  temperature  probe  placed 
between  the  model  and  the  ventilator  circuit  monitors  gas 
temperature.  The  temperature  controller  maintains  mean 
expired  gas  temperature  at  34  °C.  This  temperature  can  be 
equated  with  the  temperature  of  expired  gases  measured  at 
the  teeth  in  intubated  patients  during  surgery."  The  tem- 
perature monitoring  system  uses  a  temperature  probe  with 
an  accuracy  of  ±  0.5  °C  and  a  I-s  response  time  ( 10%  to  90% 
step  change).  Relative  humidity  of  expired  gases  was  checked 
at  30-minute  intervals  at  the  outlet  of  the  test  system  where 
gas  enters  the  PH,  using  an  electronic  hygrometer.  The 
model's  delivery  of  gases  at  100%  relative  humidity  pre- 
cludes continuous  measurement  because  the  sensor  becomes 
saturated  and  displays  100%  relative  humidity  until  dried. 
The  measurement  of  water  loss  in  grams  is  the  most  impor- 
tant part  of  the  ISO  9360  method.  As  long  as  this  value  is 
37.6  ±  I  mg  H2O/L,  small  errors  in  temperature  and  rela- 
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tive  humidity  output  appear  to  balance  out  over  the  3-hour 
period  of  measurement.  The  hygrometer  was  calibrated  using 
known  humidities  created  from  solutions  of  lithium  salts. 
According  to  ISO  9360,  the  inspiratory-to-expiratory  time 
ratio  (I;E)  during  simulated  breathing  should  be  1:2.  At  a 
tidal  volume  of  1000  niL  and  respiratory  rate  of  10 
breaths/min  this  creates  an  inspiratory  time  of  2.0  seconds 
(constant  flow  waveform  at  30  L/min)  and  an  expiratory  time 
of  4.0  seconds.  In  order  to  control  expiratory  flow,  linear 
resistors  with  values  of  2.5  to  20  cm  H2O  ■  L  ■  s'  were  placed 
in  the  expiratory  limb  of  the  circuit.  This  resulted  in  3  dis- 
tinct expiratory  flows,  each  with  a  descending  ramp  (decay- 
ing exponential)  flow  waveform:  (1 )  mean  expiratory  flow 
0.25  L/s;  (2)  mean  expiratory  flow  of  0.33  L/s;  and  (3)  mean 
expiratory  flow  of  0.5  L/s.  These  mean  flows  corresponded 
with  expiratory  flow  durations  of  and  expiratory  pause  times 
of  ( 1 )  4  seconds  with  no  pause;  (2)  3  seconds  with  a  1 -sec- 
ond expiratory  pause;  and  (3)2  seconds  with  a  2-second  expi- 
ratory pause.  Figure  2  depicts  the  inspiratory  and  expiratory 
flow  waveforms  used  in  the  study. 
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Fig.  2.  Ainway  pressure  and  flow  waveforms  during  ventilation  of 
tfie  lung  model. 


The  entire  test  system  w  as  placed  on  a  precision  scale  with 
an  accuracy  of  ±  0. 1  g.  Prior  to  testing,  the  system  was  allowed 
to  warm  to  the  desired  temperature  for  2  hours.  This  was  fol- 
lowed by  a  3-hour  period  during  which  water  loss  in  grams 
from  the  model  was  measured  without  a  PH  in-line.  After  estab- 
lishing the  control  period,  a  PH  was  placed  in  line  between 
the  model  outlet  and  (he  ventilator  circuit  and  water  loss  over 
a  3-hour  period  was  measured  with  3  units  of  each  device  at 
each  of  the  expiratory  (low  settings.  After  each  chiuige  in  expi- 
ratory flow,  a  2-hour  stabilization  period  was  allowed,  fol- 
lowed by  a  3-hour  period  of  weight  loss  measurement  with- 
out a  PH  in  place.  A  PH  was  then  placed  in-line  and  weight 
loss  measured  for  the  following  3  hours.  The  1.S0  standard 
suggests  that  testing  be  accomplished  for  24  hours.  However, 
the  results  of  Eckerbom  and  Lindholm"'  and  of  others'"-*  sug- 
gest that  the  maximum  moisture  output  is  achieved  by  the  sec- 
ond hour  of  testnig.  Moisture  output  of  each  device  was  deter- 
mined at  each  of  the  3  expiratory  flow  waveforms  using  the 
ISO  9360  formula: 


Moisture  Output  = 

/  H:0  loss  with  PH    w  V: 

^"'^'  ~  H^O  loss  without  PH^  ^  VT 


Where  AH  =  absolute  humidity  at  34  °C  and  1(X)%  rel- 
ative humidity,  or  37.6  mg  HiO/L.  V|  is  the  inspired 
volume  of  gas  during  the  testing  period,  PH  is  passive 
humidifier,  and  Vt  is  the  expired  volume  of  gas  dur- 
ing the  testing  period. 


The  water  loss  and  volume  data  allow  an  efficiency  to  be 
calculated  which  is  multiplied  by  the  absolute  humidity  of 
expired  gas  to  detemiine  the  moisture  returned  to  the  patient. 

Statistical  analysis  was  accomplished  using  ANOVA  on 
commercially  available  software,  Microsoft  Excel.  A  p  value 
<  0.05  was  considered  significant. 

Results 

The  moisture  output  at  each  of  the  3  expiratory  flows  for 
each  device  tested  are  shown  in  Figure  3.  As  expiratory  flow 
increased  and  the  duration  of  expiratory  flow  decreased,  the 
moisture  output  decreased  with  both  devices.  The  decrease 
in  moisture  output  was  significant  at  0.5  L/s  versus  0.25  L/s 
for  the  large  dead-space  device  [29.4  ( 1 .4)  mg  H2O/L  vs  33.9 
(0.7)  mg  H2O/L,  p  <  0.05]  and  at  each  increase  in  flow  with 
the  small  dead-space  device  [25.1  (0.9)  mg  H:0/L  vs  23.0 
(1.0)  mg  H:0/L  vs  19.7  (0.7)  mg  H2O/L.  p  <  0.05].  The  eflect 
of  expiratory  flow  was  greatest  in  the  small  dead-space  device 
with  moisture  output  falling  by  5.4  mg  H2O/L  (25.1  to  19.7 
mg  H2O/L)  compared  to  4.5  mg  H2O/L  (33.9  to  29.4  mg 
H2O/L)  with  the  kirge  dead-space  device.  Mean  relative  humid- 
ity values  at  each  30-minute  interval  was  98%  ( 1 .0).  The  bias 
and  precision  of  the  test  method  under  the  described  condi- 
tions are  1.1  mg  H2O/L  and  0.3  mg  H2O/L. 
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Fig.  3.  Effects  of  increasing  expiratory  flow  on  moisture  output  of  2 
passive  fiumidifiers.  ■  =  HCH  dead  space  10  mL  (Portex).  ▲  = 
HCHF  dead  space  =  90  mL  (ARC  Thermoflow).  The  test  system 
recommended  by  tfie  International  Standards  Organization  was 
used. 


962 


Respiratory  Care  •  October  '97  Vol  42  No  10 


Effect  of  Expiratory  Flow  on  Passive  Humidifiers 


Discussion 

The  main  result  of  our  study  suggests  that  the  expiratory 
flow  affects  the  moisture  output  results  when  the  ISO  9360 
test  method  is  used.  We  believe  that  these  findings  have  two 
important  implications.  TTie  first  relates  to  the  disparity  in  test 
results  from  difi'erent  laboratories.  Few  of  these  studies  describe 
the  expiratory  fiow  or  flow  waveform.''"^  Our  results  demon- 
strate that  when  different  expiratory  flows  are  used,  the  mois- 
ture output  varies.  We  believe  this  is  caused  by  the  increased 
gas  transit  time  and  decreased  time  for  contact  between  the 
moist  expiratory  gases  and  the  HCH  medium. 

We  compared  our  previous  work  to  that  of  Eckerbom  and 
Lindholm'"  and  to  those  published  by  the  Medical  Devices 
Agency  (MDA).'**  The  Eckerbom  and  Lindholm'^  paper  does 
not  detail  the  method  for  controlling  expiratory  fiow  and  does 
not  describe  the  fiow  or  the  fiow  waveform.  Tlie  MDA  reports 
use  of  a  microprocessor-controlled  piston  to  create  inspira- 
tory and  expiratory  fiow,  and  constant  flow  waveforms  are 
used  for  each.  On  inspiration,  the  peak  fiow  is  30  L/min;  and 
on  expiration,  the  peak  flow  is  15  L/min.'**  During  normal 
spontaneous  breathing,  the  expiratory  fiow  waveform  is  typ- 
ically an  exponential  decaying,  or  descending,  flow  wave- 
form. The  use  of  a  constant  expiratory  fiow  represents  a  phys- 
iologically impossible  situation.  However,  the  results  of  the 
MDA  reports"*  and  our  most  recent  report'^  are  similar.  Of 
the  devices  tested  in  both  reports,  the  MDA  results  average 
approximately  1 .0  mg  H2O/L  greater  than  ours.  Both  these 
evaluations  used  an  expiratory  flow  duration  of  4  seconds. 
This  suggests  that  expiratory  flow  may  be  more  important 
than  the  shape  of  the  expiratory  flow  waveform.  Of  course, 
the  types  of  devices  used  in  each  test  system  may  also  be  dif- 
ferent, which  could  also  account  for  differences  between  test 
sites.  However,  because  the  control  period  (when  no  HME 
is  attached)  is  required  to  produce  an  output  of  37.6  mg  HiO/L, 
we  believe  these  differences  are  minimized. 

The  ISO  9360  test  system  was  developed  as  a  method  to 
compare  similar  devices  under  controlled  conditions.  How- 
ever, the  actual  moisture  delivered  to  a  patient  depends  upon 
the  temperature  of  gas  entering  the  artificial  nose  (patient  tem- 
perature), the  tidal  volume,  and  minute  ventilation.  Additionally. 
this  report  suggests  that  expiratory  flow  (the  product  of  tidal 
volume,  minute  ventilation,  I:E,  pulmonary  compliance,  and 
airway  resistance)  also  aftects  the  returned  moisture.  This  reduc- 
tion in  moisture  output  relates  to  the  second  important  find- 
ing of  the  study.  That  is,  at  equivalent  ventilator  settings  and 
patient  temperature,  a  decrease  in  lung  compliance  results  in 
a  decrease  in  the  moisture  output  of  a  given  PH.  This  find- 
ing may  aid  clinicians  in  determining  which  patients  aie  can- 
didates for  use  of  a  PH.  In  patients  with  reduced  pulmonary 
compliance  and  resulting  rapid  expiratory  flows,  delivered 
moisture  output  will  be  2-5  mg  H2O/L  less  than  that  listed  by 
the  manufacturer  or  published  in  the  literature.  This  value, 
2-5  mg  H2O/L,  is  based  on  the  results  from  this  study. 


We  chose  the  devices  for  study  based  upon  their  relative 
differences  in  dead  space.  Both  devices  experienced  a  fall  in 
moisture  output  as  expiratory  flow  increased.  These  changes 
were  somewhat  buffered  by  the  large  dead-space  device.  When 
the  expiratory  fiow  was  doubled  from  0.25  to  0.5  LVs,  the  mois- 
ture output  of  the  small  dead-space  device  fell  5.4  mg  HiO/L 
(2l9c)  while  moisture  output  of  the  large  dead-space  device 
fell  4.5  mg  HjO/L  ( I37f ).  When  fiow  was  changed  from  0.25 
17s  to  0.33  L/s,  moisture  output  in  the  small  dead-space  device 
fell  2.1  mg  H2O/L  (8%)  and  moisture  output  in  the  large  device 
fell  1.2  mg  H2O/L  (3.5%).  However,  large  dead-space  devices 
may  be  associated  with  alterations  in  breathing  pattern  and 
blood  gases.  In  a  recent  study  by  lotti  et  al,-*^'  the  addition  of 
a  90-mL  dead-space  HCHF  resulted  in  an  increase  in  the 
required  minute  ventilation,  a  decrease  in  alveolar  ventilation, 
and  an  increase  in  the  work  of  breathing.  This  increase  in  the 
work  of  breathing  was  overcome  by  the  u.se  of  pressure  sup- 
port ventilation  at  10-15  cm  H2O.  Moisture  output  of  a  PH 
is  related  to  device  dead  space,  amount  of  medium  (resistance), 
hygroscopic  treamient,  and  the  presence  of  an  effective  medium- 
gas  flow  intert'ace.  Clinicians  should  choose  a  device  with  the 
appropriate  combination  of  features  that  provides  adequate 
humidity  without  burdening  the  respiratory  muscles. 

We  strongly  believe  that  the  ISO  9360  test  is  simply  a  rank- 
ing system  for  PH.  It  does  not  define  the  moisture  output  of 
these  devices  under  all  clinical  conditions.  We  also  strongly 
believe  that  the  type  of  humidifier  used  should  be  based  upon 
patient  condition,  duration  of  ventilatory  support,  goal  of  humid- 
ity therapy,  and  ventilator  settings.'' 

Conclusion 

During  testing  of  passive  humidifiers,  expiratory  flow  affects 
the  measured  moisture  output.  As  expiratory  flow  increases, 
moisture  output  declines.  This  effect  is  magnified  during  use 
of  a  low  dead-space  device.  Rejxjrts  of  ISO  9360  testing  should 
include  a  description  of  the  expiratory  flow.  In  addition,  patients 
with  reduced  pulmoniiry  compliance  and  resulting  high  expi- 
ratory flow  may  receive  a  lower  moisture  content  from  a  pas- 
sive humidifier  than  specified  by  the  manufacturer. 


PRODUCT  SOURCES 

Passive  Humidiners: 

Portex  600  Sims  Industries.  Lincoln.shire  IL 
Thermoflo  Filter  .ARC  Medical.  Atlanta  GA 

Test  System  Components: 

Humidifier  Cascade  I.  Nellcor  Puritan  Bennett,  Carlsbad  CA 

Hygrometer.  Viasala  HMI  32,  Woburn  MA 

Temperature  Controller  Servo-Pak,  Isothermal  Systems  Inc.  River- 
side CA 

Respiratory  Monitor  Bicore  CP-100,  Allied  Medical  Products.  River- 
side CA 

Ventilator  Puritan  Bennett  7200ae.  Nellcor  Puritan  Bennett.  Cat isl-ad  CA 


RESPIRATORY  CARE  •  OCTOBER  "97  VOL  42  NO  10 


963 


Effect  of  Expiratory  Flow  on  Passive  Humidifiers 


Test  Lungs,  Nellcor  Purilan  Bennett.  Carlsbad  CA 
Linear  Resister.  Michigan  Instruments,  Grand  Rapids  MI 
Electronic  Balance  EX-.^()()(),  A+D  Co  Ltd,  Tokyo,  Japan 

Analysis  .Software: 

Microsoft  Excel.  Microsolt  Corporation,  Cambridge  MA 
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A  Triage  Rating  Instrument  for  Respiratory  Care: 
Description  and  Relation  to  Clinical  Outcomes 

Dennis  Giles  RRT,  Lucy  Kester  MBA  RRT,  Da\'id  Haney  RRT, 
Edward  Masclia  MS,  Christine  Skibinski  MS,  and  James  K  Stoller  MD 


To  evaluate  the  clinical  validity  of  an  instrument  (called  the  Triage  Score) 
for  rating  the  se^  erit>  of  patients  needs  for  respiratory  care,  we  compared 
Triage  Score  ratings  with  clinical  features  and  outcomes  in  2  independent  groups 
of  adult,  non-ICU  inpatients  ((Jroup  1  =  98  and  Group  2  =  179)  receiving  res- 
piratory care  at  the  Cleveland  Clinic  Hospital  between  January  1992  and  April 
1994.  The  Score  was  originally  developed  to  help  identify  patients  in  whom 
respiratory  therapy  could  be  safely  deferred  when  orders  for  respiratory  care 
outstripped  the  availability  of  therapists  to  deliver  care.  Ratings  are  based 
on  a  32-point  ordinal  score  in  which  the  patient  is  rated  on  8  axes  relevant 
to  respiratory  care  needs  (history  of  pulmonary  disease,  surgical  status  on 
current  admission,  chest  radiograph,  respiratory  pattern,  mental  status,  cough, 
and  level  of  activity);  and  the  scores  are  collapsed  into  5  Triage  Score  cate- 
gories, with  Triage  1  indicating  the  highest  severity  of  respiratory  illness.  For 
both  patient  groups  evaluated.  Triage  Score  ratings  showed  consistent  and 
significant  relationships  (p  <  0.05)  with  patient  age,  Fh):  requirement,  length 
of  hospital  stay,  days  requiring  respiratory  therapy,  and  number  of  respi- 
ratory therapy  modalities  used.  Also,  respiratory  therapy  charges  correlated 
significantly  (p  <  0.001 )  with  Triage  Score  ratings  in  both  groups,  and  the  mor- 
tality rate  within  the  larger  patient  group  (Group  2)  tended  to  increase  with 
lower  Scores  (p  =  0.07).  Although  the  instrument  is  not  intended  for  mortality 
prediction.  Receiver  Operating  Characteristic  analysis  of  Triage  Score  rat- 
ings for  predicting  mortality  showed  an  area  under  the  curve  of  0.637  (p  - 
0.058),  suggesting  that  ratings  tracked  indicators  of  worsened  clinical  status. 
Finally,  analysis  of  Triage  Score  assignments  by  2  separate  raters  indicated 
moderate  agreement  beyond  chance  (observed  agreement  in  62%  and  90% 
of  patients  in  the  2  groups).  Based  on  significant  and  reproducible  relationships 
between  Triage  Score  ratings  and  relevant  clinical  measures  in  2  indepen- 
dent patient  groups,  we  believe  that  the  Triage  Score  is  valid  and  reliable  in 
evaluating  patients'  respiratory  care  needs  in  a  therapist-driven  protocol  pro- 
gram. [RespirCare  1997;42(10):965-973] 


Mr  Giles  is  Supervisor,  Section  of  Respiratory  Therapy;  Ms  Kester  is 
Education  Coordinator,  Section  of  Respiratory  Therapy;  Mr  Haney  is 
Clinical  Specialist,  Section  of  Respiratory  Therapy;  Mr  Mascha  and  Ms 
Skihinski  are  Biostatislicians.  Department  of  Bioslatistics  &  Epidemiol- 
ogy, and  Dr  Stoller  is  Head,  Section  of  Respiratory  Therapy,  Dcpartnicnl 
of  Pulmonary  &  Critical  Care  Medicine,  Cleveland  Clinic  Foundation. 
Cleveland,  Ohio. 

Reprints  &  Correspondence:  James  K  Stoller  MD.  Pulmonary  &  Critical 
Care  Medicine  A-9(),  Cleveland  Clinic  Foundation,  9500  Euclid  Ave, 
Cleveland  OH  4419.5. 


Introduction 

Rating  instruments  to  assess  the  severity  of  illness  have 
proven  useful  for  several  aspects  of  clinic;il  medicine.  For  exam- 
ple, the  APACHE  (Acute  Physiology  and  Chronic  Health  Eval- 
uation) and  Mortality  Prediction  Models  have  gained  wide 
popularity  for  assessing  the  acuteness  of  illness  among  crit- 
ically ill  patients  and  for  assisting  decision-making  regard- 
ing triage  and  discharge  from  the  intensive  care  unit,'-  In  a 
similar  vein,  several  assessment  instruments  have  bec^n  pro- 
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posed  for  determining  the  acuteness  of  patients'  pulmonary 
disease  and  for  assisting  decisions  regarding  allocation  of  res- 
piratory care  services.  For  example.  Zibrak  et  aP  described 
a  priority  rating  instrument  that  categorizes  patients  ordered 
to  receive  respiratory  therapy  into  three  groups  based  on  clin- 
ical findings  and  features  of  the  medical  history  (Table  1 ).  In 
1988,  Torrington  and  Henderson*  described  a  perioperative 
respiratory  therapy  program  (called  PORT.  Table  2)  in  which 
a  risk  assessment  tool  was  used  for  the  predicting  postoper- 
ative pulmonary  complications. 

Table  I .      Criteria  Used  To  Deterniine  Priority  of  Use  of  Respiratory 
Therapy  in  Hospitalized  Patients* 


Priority  Group 


Criteria 
(Risk  Factors  for  Pulmonary  Complications) 


History  of  heavy  cigarette  smoking  (>  40 
pack-years),  history  of  chronic  pulmonary  disease, 
surgery  involving  the  thorax  or  upper  abdomen, 
productive  cough,  acute  bronchospasm 


History  of  smoking,  abnormal  chest  film,  major 
surgery  in  patient  >  50.  morbid  obesity  (ratio  ot 
weight  in  kilograms  to  height  in  centimeters  >  0.6) 

Nonsmoker.  age  <  50,  no  history  of 
pulmonary  disease 


*From  Reference  .^.  \Mtli  pemiissuin. 


Table  2.      Risk  Factor  Point  Assignment* 


Risk  Factor 

Point  Assignment 

Spirometry 

0-4 

FVC  <  50% 

1 

FEVi/FVC 

65%-75% 

1 

50%-65% 

2 

<  50% 

3 

Age  >  65 

1 

Obesity  >  150%  Ideal  body  weight 

1 

Surgery 

0-3 

Upper  abdomen 

2 

Thoracic 

2 

Other 

1 

Pulmonary  history 

0-3 

Smoker 

1 

Presence  of  cough/spuium 

1 

Past  pulmonary  history 

1 

*0-3  points  =  low  risk;  4-6  points  -  moderate  risi 

:  7-2  points  =  high  risk.  From 

Reference  4.  with  permission. 

Despite  the  modest  attention  given  to  triage  rating  instru- 
ments in  respiratory  care,  important  shortcomings  of  avail- 
able instruments  include  inattention  to  precise  and  compre- 
hensive rating  criteria,  lack  of  proven  applicability  to  specific 


clinical  situations  (eg,  postoperative  caie),  and  lack  of  val- 
idation in  independent,  hypothesis-testing  data  sets.  As  part 
of  our  evaluate-and-treat  respiratory  c;ire  program  (called  the 
Respiratory  Therapy  Consult  Service  [RTCS])  at  the  Cleve- 
land Clinic  Foundation  ).-^^  we  have  implemented  an  assess- 
ment tool — the  Triage  Rating  instrument — that  has  been 
applied  to  assist  decision-making  regarding  allocation  of  res- 
piratory care  in  the  RTCS."  To  evaluate  the  clinical  validity 
of  this  Triage  Rating  instrument,  we  examined  the  relation- 
ship between  triage  ratings  and  indicators  of  clinical  outcome 
in  2  different  groups  of  inpatients  receiving  respiratory  care 
services  at  the  Cleveland  Clinic  Foundation. 

Methods 

The  structure  of  the  Triage  Rating  instrument  and  the  rules 
relating  Triage  Scores  to  the  intensity  of  respiratory  care  ser- 
vices have  been  previously  described.^''  The  triage  ratings  are 
based  on  a  32-point  ordinal  score  in  which  a  patient  is  rated 
on  8  axes  deemed  clinically  relevant  to  define  the  need  for 
respiratory  care  (Fig.  1 ).  The  rating  criteria  for  the  instrument 
were  selected  by  the  medical  director  and  senior  therapists 
based  on  prior  studies^  ■*  and  clinical  relevance  to  assessing 
a  patient's  cuuent  severity  of  respiratory  illness  and  to  plan- 
ning a  respiratory  care  treatment  plan. 

The  8  axes  of  the  instnmient  (Fig.  I )  include  3  axes  rated 
on  the  basis  of  infonnation  retrie\  ed  from  the  medical  record 
and  5  axes  for  which  direct  therapist  assessment  determines 
the  ratings.  The  3  chart-based  axes  are  (1 )  pulmonan,  historv 
(presence  of  antecedent  lung  disea.se.  smoking  status,  and  pres- 
ence of  a  current  exacerbation  of  lung  disease),  (2)  surgical 
status  on  current  admission  (type  of  surgery),  and  (3)  chest 
radiograph  findings  based  on  the  radiologist's  official  inter- 
pretation or.  if  not  available,  the  physician's  description  of 
findings  in  the  clinical  record.  The  remaining  5  axes  are  rated 
based  on  direct  patient  assessment  by  the  evaluating  thera- 
pists and  include  (4)  respiratory  pattern  (rate  and  level  of  dis- 
tress, including  use  of  accessory  muscles  and  the  ability  to 
achieve  a  minimum  predicted  vital  capacity).  (5)  mental  sta- 
tus (level  of  alertness  and  interaction),  (6)  breath  sounds  (aus- 
cultatory evidence  of  loudness  and  the  presence  of  adventi- 
tious breath  sounds),  (7)  cough  (strength  of  cough  and 
expectorated  phlegm),  and  (8)  level  of  activity  (ambulatory 
status).  Each  axis  was  weighted  equally  and  was  rated  from 
0  to  4  points  according  to  explicit  criteria  (Fig,  1 ).  more  points 
being  assigned  fi)r  greater  degrees  of  clinical  derangement. 
Total  Triage  Points  range  from  0  (least  clinical  abnormality) 
to  32  (greatest  clinical  abnormality)  and  are  grouped  into  5 
ordinal  Triage  Score  groups:  Triage  Score  I  for  total  points 
>  20  (highest  acuteness).  Triage  Score  2  for  points  16-20,  Triage 
Score  3  for  points  11-15.  Triage  Score  4  for  points  6- 1 0.  and 
Triage  Score  5  for  points  0-5. 

The  Triage  Rating  instrument  was  de\eloped  several  years 
before  the  inception  of  the  RTCS,  and  though  it  has  been  used 
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DATE. 
TIME 


CCF  RESPIRATORY  THERAPY  EVALUATION 

HT 

AGE 


DIAGNOSIS 


RESPIRATORY  THERAPIST . 


CHART  ASSESSMENT 


Points 

0 

\ 

1 

\ 

-> 

X 

3 

X 

4 

\ 

Points 

Pulmonar> 
Status 

l-l  Histor) 
t-l  Smoking 

Smoking 
histop.  <  I  pk 
a  day 

Sninklllg 

hision  >  1  pk 
J  Ja\ 

Pulnn)nar\ 
disease 
( acute  or 

chronic) 

Severe  or 
chronic  with 
exacerbation 

Surgical  Status 

No  surger\ 

General 

l.nuc: 
.ilii.liinii[i.il 

Th.ua^K  or 

upper 

alxUiininal 

Thoracic  \Mlh 

pulmonar\ 

disease 

Chest  \-ra> 

Clear  or  not 
indicated 

Chronic 

radiographic 

changes 

InfiUrales. 
atelectasis,  or 
pleural 
effusions 

Infiltrates  m 
more  than 
one  lobe 

Infiltrate  + 
atelectasis 
and/or  pleural 
effusion 

LAB  TEST: 

Dale:                    WBC                  Hb                  Pits 

Dale 

PH 

PaCO: 

PaO: 

HCO3 

Sat  /  FiO: 

PULMONARY  FU 
Minimal  Pred.  VC 

SCTION  TEST: 

SpO:  /FiO: 

Vital  Siens:     HR                       BP                       RR 

Temperature  (24  hr.  max) 

VC                             Peak  Flow 

Points 

0 

X 

1 

X 

-) 

\ 

3 

\ 

4 

X 

Points 

RespiratoiA 
Pallem 

Regular 
pattern. 
RR  12-20 

Increased 
RR  21-25 

D>spnea  on 

exertion. 

irregular 

pattern 
RR  26-30 

Decreased 
vital 

capacity  ■ 
RR  31-3.5 

Se\ereSOB, 
use  of 
accessory 
muscles 
RR  >  35 

Mental  Status 

Alert. 

onenied, 

cooperative 

Lethargic. 

tollows 

commands 

Confused, 
does  not 
follow 
commands 

Ohtundcd 

Comatose 

Breath  Sounds 

Clear  to 
auscultation 

Decreased 
unilaterally 

Decreased 
bilateralK 

Crackles  in 
the  bases 

Wheezing  and/ 
or  rhonchi 

Cough 

Strong. 

spontaneous. 

non-productive 

Strong, 
productive 

\\LMk, 

ni>ii-priKliii.ti\L' 

Weak. 

produclnc. 
or  w  eak 
with  rhonchi 

No  spontaneous 
cough  or  may 
require 

suctioning 

Level  Asti\il> 

Ambulator)' 

Am  hula  ton 

\Mlli  assistance 

Nun- 
am  bul  at  or\ 

Paraplcgii. 

QuadnplcL'it. 

*VC  <  or  =  to  minimal  predicted: 


Predicted  Ideal  Body  Weight 

(males:  50  +  (2.4  x  inches  >  60) 

(females:  45  -•-  (2.4  x  inches  >  60) 

Multiply  above  ideal  body  wt.  x  15  cc  for  min.  pred.  VC 


Total  Points 


Triage  # 


Tnage  1 
(>20) 

Triage  2 
(15-20) 

Tnage  3 

(11-151 

Triage  4 
(6-10) 

Tnage  5 
(0-5) 

Fig.  1 .  Rating  form  for  assigning  Triage  Ratings.  Patients  are  rated  on  each  of  8  separate  axes  assignetd  0-4  points  each,  where  4  points 
are  assigneij  for  greater  degrees  of  abnormality  within  each  axis.  The  total  Triage  Points  (nght  most  column)  are  totaled  and  collapsed  Into 
5  Triage  Score  categories  (bottom  of  form),  where  Tnage  1  denotes  the  highest  acuteness  with  >  20  Triage  Points.  (From  Reference  8, 
with  permission.) 
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more  recently  to  help  determine  the  frequency  of  treatment 
and  the  frequency  of  formal  patient  re-evaluation  by  the  RTCS 
(Fig.  1).  the  original  purpose  of  the  instrument  was  to  help 
create  more  objective  criteria  for  deciding  which  patients  could 
be  safely  excluded  from  receiving  routine  respiratory  care  ser- 
vices (eg,  incentive  spirometry  instruction,  ciiccking  flowme- 
ter settings  in  patients  receiving  low-flow  oxygen)  when  the 
demands  for  respiratory  services  greatly  exceeded  the  inan- 
power  capabilities  of  available  personnel.  As  currently  used, 
the  Triage  Score  helps  determine  both  the  frequency  of  ther- 
apy and  of  re-evaluation  as  specified  by  an  explicit  guideline 
(Fig.  2)  and  to  identify  patients  whose  respiratory  care  needs 
are  minimal  and  for  whom  therapy  can  be  eliminated  during 
periods  of  high  workload.  For  example,  during  shifts  on  which 
respiratory  care  orders  are  excessive,  patients  with  Triage  Score 
5  requiring  only  incentive  spirometry  might  not  be  visited  by 
a  respiratory  care  practitioner  that  shift. 

As  used  in  the  RTCS,  Triage  Score  ratings  determine  the 
frequency  of  respiratory  treatments  and  the  frequency  with 
which  the  patient  is  formally  re-evaluated  for  ongoing  res- 
piratory care  treatment  needs.  Triage  ratings  are  assigned  by 
one  of  the  therapist  evaluators  on  the  RTCS.  Therapist  eval- 
uators  include  senior  respiratory  therapists  and  others  selected 
by  the  shift  supervisors  based  on  clinical  experience  and  per- 
formance. From  the  inception  of  the  RTCS  in  January  1992, 
all  therapists  have  been  tested  qu;irterly  on  their  ability  to  gen- 
erate coiTect  respiratory  care  plans  using  the  algorithms  and, 
in  the  most  recent  series  of  case  studies,  on  their  ability  to  assign 
a  correct  Triage  Score. 

In  an  attempt  to  assess  the  clinical  validity  of  the  Triage 
Rating  instrument,  the  current  study  evaluates  the  relation 
between  initial  Triage  Scores  and  outcome  measures  related 
to  the  intensity  of  respiratory  care  need  (ie.  length  of  time 
receiving  respiratory  therapy,  total  number  of  respiratory  care 
treatments  administered,  and  the  number  of  modes  of  res- 
piratoiy  therapy  delivered),  the  length  of  the  total  hospital  stay, 
the  costs  of  respiratory  care  services,  and  the  hospital  mor- 
tality rate. 

Two  separate  groups  of  adult  (age  >  18  years)  inpatients 
were  evaluated  in  this  study.  The  first  group  (Group  1 ,  n  =  98) 
was  a  convenience  sample  identified  between  January  1992 
and  July  1993  who  were  the  subjects  of  a  previously  repoiled 
prospective  observational  cohort  study  of  the  RTCS.""  Among 
these  98  patients,  5 1  were  treated  by  a  Respiratory  Therapy 
Consult  (RTC)  on  the  request  of  the  managing  physician, 
and  the  Triage  Ratings  were  assigned  by  one  of  several  ther- 
apist evaluators  performing  RTCs.  In  the  remaining  47 
patients,  respiratory  care  orders  were  specified  by  the  man- 
aging physicians,  and  Triage  Ratings  were  assigned  by  a  sin- 
gle study  investigator  who  assessed  the  patient  while  remain- 
ing blind  to  the  actual  care  plan  prescribed.  It  should  be  noted 
that  unlike  the  case  for  the  51  patients  receiving  RTCS- 
directed  respiratory  care,  the  frequency  of  respiratory  treat- 
ments prescribed  for  the  47  "non-Consull"  patients  was  deter- 


mined by  their  physicians"  orders  and  were  not  dictated  by 
the  assigned  Triage  Scores. 

The  second  study  group  (Group  2,  n  =  1 79)  consisted  of 
individuals  ordered  to  receive  an  RTC  between  October  1 993 
and  April  1994.  These  179  patients  comprised  a  convenience 
sample  representing  the  42.3%  of  all  patients  receising  RTCs 
over  this  time  period  whose  medical  records  were  available 
for  review  regarding  the  study  outcome  measures.  As  with 
the  5 1  "Consult"  patients  in  the  earlier  sample.  Triage  Scores 
in  these  179  patients  were  assigned  by  the  therapist  evalua- 
tors performing  RTCs  and  patients"  respiratory  care  orders 
were  directed  by  the  RTCS. 

To  evaluate  the  reliability  of  the  Triage  Rating  instniment, 
we  assessed  the  interobserver  concordance  between  thera- 
pists on  Triage  Ratings.  Two  of  the  study  investigators  (LK, 
DH)  who  were  experienced  in  assigning  Triage  Scores  inde- 
pendently evaluated  a  group  of  79  patients  who  were  mem- 
bers of  neither  Group  I  nor  2.  To  minimize  changing  patient 
status  as  a  reason  for  differing  Triage  Score  assignment 
between  evaluators,  each  patient  was  seen  independently,  and 
Triage  Scores  were  assigned  by  both  the  evaluators  within 
a  4-hour  period.  Ratings  by  the  2  evaluators  were  examined 
for  concordance  using  percent  agreement  and  the  simple  and 
weighted  \'( kappa)  statistics,  which  assess  agreement  beyond 
chance  alone. '*'^ 

Interpretation  of  the  simple  and  weighted  v  statistic  val- 
ues was  in  accordance  with  published  recommendations.**'' 
For  the  simple  \' statistic,  values  between  0.40  and  0.70  sug- 
gest moderate  agreement  beyond  chance  alone.  The  weighted 
vis  used  when  a  natural  ordering  in  ratings  is  apparent.  As 
previously  discussed,**  actual  weights  range  from  1 .0  for  per- 
fect agreement  to  0  for  the  greatest  possible  disagreement,  with 
the  middle  weights  evenly  spaced.  In  the  current  suidy,  assigned 
weights  were:  perfect  agreement  between  the  2  raters"  Triage 
Scores  1 .0.  1  Score  apart  0.75.  2  Scores  apart  0.50.  3  Scores 
apail  0.25.  and  4  Scores  apart  0.  Although  tlie  weighted  k" statis- 
tic can  change  according  to  the  weights  assigned  for  degrees 
of  disagreement,  values  of  0.40-0.70  suggest  moderate  agree- 
ment beyond  chance  alone.** 

Data  analysis  comparing  Triage  Scores  with  the  clinical 
findings  discussed  earlier  was  performed  using  the  non- 
parameU-ic  Kmskal-Wallis  test  for  comp;uisons  between  triage 
levels.  Correlations  between  ordinal  \;iriables  (eg.  Triage  Points. 
Triage  Scores)  and  continuous  \  ariables  were  reported  using 
a  Spearman"s  p  (rho).  and  p  values  <  0.05  were  deemed  sta- 
tistically significant.  Receiver  Operating  Characteristics  (R(X") 
analysis  of  sensitivity  and  specificity  used  binormal-based 
maximum  likelihood  estimation  and  associated  Z-based  95% 
confidence  intervals  (CI )  for  the  area  under  the  ROC  curve.'" 

Results 

Table  3  presents  the  baseline  and  selected  treatment  char- 
acteristics of  the  2  patient  groups:  Group  1  includes  both 
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Frequencies  (Guidelines) 

Indications  Triage 

A.  Aerosols 

1 .  Q2  to  Q4 Severe  wheezing,  unable  to  sleep 1  &  2 

ATC  &  PRN* 

2.  QID  &  PRN  at  night Moderate  wheezing, 

(Q1 2  hr  for  Serevent)  Hx  of  asthma,  or  facilitate 

secretion  removal 3 

3.  PRN,  Q6 Intermittent  wheezing 4 

B.  Broncfiopulmonary  Hygiene 

1 .  Q4  ATC Copious  secretions,  SOB,  unable  to 

sleep,  suspect  mucus  plug 1 

2.  QID  &  PRN  at  night Moderate  amounts  of  secretions 

and  poor  cough,  history  of  secretions 2 

3.  TID Small  amounts  of  secretions  and  poor 

cough,  history  of  secretions 3 

4.  Q  shift  WA Patient  unable  to  deep  breathe  and 

cough  spontaneously 4 

C.  Hyperinflation  Tecfiniquest 

1 .  Q4,  WA,  &  PRN Patients  with  severe  atelectasis  and 

low  PaOs 1 

2.  QID Patients  at  high  risk  for  or  with 

persistent  atelectasis 2 

3.  TID Patients  at  risk  for  developing 

atelectasis 3 

4.  Q  shift  WA Prevention  of  atelectasis 4 

5.  Instruct,  D/C Patients  able  to  perform  well  on 

video,  follow-up  their  own 5 

D.  Pulse  Oximetry* 

1 .  Continuous  until Unstable  patients 1 

stable,  then  Q4  &  PRN 

in  between 

2.  QID  &  PRN Low  PaOs  with  variances 2 

in  between 

3.  TID To  titrate  Fio: 3,  4,  or  5 

4.  Daily  ^  2  days If,  after  titration,  Spo,  remains 

at  least  92%,  D/C  pulse  oximetry 

Note:     ■  If  patient  requires  more  frequent  aerosols,  please  contact  Supervisor  or  Clinical  Specialist,  PRN  orders  (except  for  oximetry  or 
suctioning)  must  always  accompany  a  frequency — e.g.,  Aerosol  04  WA  and  PRN 

t  IS  and  PEP  must  be  performed  by  patient  on  their  own  01  hr  WA 

t  Patients  not  on  O2  with  SpOj  >  92%  should  have  pulse  oximetry  discontinued  and  restarted  only  when  clinical  signs  indicate 
a  need  for  O2. 


Fig.  2.  Form  for  determining  frequency  of  therapy  by  the  Triage  Score. 
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Table  3.      Baseline  and  Selected  Treatmeni  Characlerislics 
of  Compared  Groups 


Group 


Number 
(il  Patients 


Mean 
Age 

(years) 


Mean 
Triage 
Score 


Mean  Number  of 

Respiratory  Care 

Modes/Patient 


Group  1  Total 

98 

62.2 

,^.8 

4.2 

RTCS-directed  care 

51 

59.6 

3.5 

4.4 

Physician- 

47 

64.9 

4.1 

3.9 

directed  care 

Group  2  Total 

17y 

64.2 

3.5 

4.9 

(all  RTCS  directed) 

patients  whose  respiratory  care  was  ordered  by  a  physician 
(n  =  47)  and  patients  whose  respiratory  care  was  ordered 
through  the  RTCS  (n  =  5 1 ),  whereas  Group  2  represents  only 
patients  whose  respiratory  care  was  ordered  by  the  RTCS. 
Patients  in  Groups  1  and  2  were  similar  regarding  age.  mean 
Triage  Score,  and  the  mean  number  of  types  of  respiratory 
care  modes  used  per  patient. 

Table  4  presents  outcome  measures  stratified  by  Triage 
Score  ratings  for  both  groups.  As  shown,  within  each  Triage 
Score  stratum,  the  actual  values  for  Group  1  and  Group  2 
variables  were  similar,  suggesting  consistent  performance 
of  the  instrument  in  the  2  different  patient  populations.  For 
example,  the  actual  Fio,  requirements  in  Triage  Score  strata 
2  through  5  in  Groups  I  and  2  were  within  2*^  for  Triage 


Scores  2, 4,  and  5  and  within  5%  for  Triage  Score  3.  In  a  sim- 
ilar way,  the  number  of  respiratory  care  modalities  needed 
per  patient  in  both  groups  agreed  within  2  modalities  across 
all  Triage  Scores. 

For  Group  1  and  2  (except  for  mean  oxygen  saturation) 
and  for  Group  I  (except  for  mean  age  and  mean  oxygen  sat- 
uration), statistically  significant  relationships  between  Triage 
Scores  and  outcomes  were  observed  for  all  variables  (Table 
4).  In  the  case  of  mean  oxygen  saturation,  the  lack  of  a  sig- 
nificant relationship  likely  results  from  prior  treatment  of  hypox- 
emic patients  to  assure  saturations  exceeding  929c  in  all  pa- 
tients. In  keeping  with  greater  acuteness  of  respiratory  illness 
for  individuals  rated  with  lower  Triage  Scores,  patients  with 
such  lower  Triage  Scores  had  higher  Fk),  requirements  than 
those  with  higher  Triage  Scores.  Patients  rated  a.s  having  Triage 
Score  1  required  longer  hospitalizations,  more  respiratory  ther- 
apy modalities,  and  more  total  respiratory  treatments. 

Table  5  presents  Spearman's  p  correlation  coefficients 
between  Triage  Scores  and  outcome  \  ariables  in  both  groups. 
When  we  remember  that  the  instrument  assigns  lower  Triage 
Scores  to  patients  with  greater  degrees  of  respiratory  illness, 
it  is  noteworthy  that  significant  negative  cotrelations  with  mtxi- 
est  degrees  of  explained  variance  (r-  values  0.12  to  0.34.  p< 
0.001 )  were  observed  for  all  outcomes  except  length  of  hos- 
pital stay  in  Group  1  (p  =  0.07)  and  mean  oxygen  saturation 
in  both  groups.  That  the  degree  of  explained  variance  was 
only  modest  suggests  that  the  Triage  Ratings  relate  signif- 


Table  4.      Relation  of  Triage  Score  to  Clinical  Features  and  Outcomes  in  Patients  Receiving  Respiratory  Therapy 


Feature 


Triage  Score 


Group  1         Group  2 
(n=l)  (n  =  4) 


Age,  years 
Mean(SD) 
Mcduiii  (range) 


Group  1  Group  2 

(n  =  7)  (n=19) 


Group  1  Group  2 

(n  =  29)  (n  =  72) 


Group  1  Group  2 

(n  =  33)  (n  =  58) 


Group  1         Group  2 

(n  =  28)  (n  =  26) 


64.0    (11.71         .^9,4     (9.1)      hX.7    (ll.hl         h4.l)    (14.11     67.3    (13.3)         6.V()    (LSI)     61.4    (14.1)1         60.7    (17.3)     58.7    (14.01 
67.1(47-74)       61.0  (43-71)   68.0  (.^5-88)        64,0  (28-82)   67.5  {-W-94)        66.0  (24-88)   63.5  (31-86)        61.0(18-87)63.0(25-81) 


Oxygen  saturation.  % 
Mean  (SD)  98.0 

Median  (range)  — 


94.5     (24)         95.3     (2.6)     954     (2.1)         95.5     (2.2)     93.6     (3.6)         95,0     (2.4)     944    (2,6)         94,5    (2.0)     95.0     (1.8) 
95.5(91-96)       95.0(92-99)96.0(90-100)      96.0(90-99)94.0(82-100)      95.0(90-99)94.0(85-100)      94,0(90-98)95.0(92-98) 


Oxygen  requirement.  '* 
Mean(SD)  44,0 

Median  (range)  — 


.34.8    (10.4)        40.0    (19.7)    41.9    (15.8)        38.0    (18.8)    .33.1    (12.2)        28.4     (7.6)     27.5    (6.9)         24.9    (6.3)      25.3     (4.5) 
36.5(21-45)       35.0(21-80)37.0(29-100)      28.0(21-100)33.0(21-100)      28.0(21-50)29.0(21-45)       21.0(21-44)24.5(21-33) 


Length  of  hospital  stay,  days 

Mean(SD)  62.0  32.0   (31.4) 

Median  (range)  —  25.5   (3-74) 


16.1    (11.5)    28.7    (26.5) 
13.0   (6-40)    22.0  (4-119) 


12,5    (10.7)     16.0    (11.7) 
10.0   (2-53)    13.0    (2-62) 


15.5    (13.0)     12.7   (10.8) 
12.0    (1-59)      9.0  (1-59) 


9.5    (8.9) 
6.5   (1-42) 


7.8     (5.9) 
6.5    (1-29) 


Days  receiving  respiratory  therapy 

Mean(SD)  6.0  I2,>(    (22.7)  9.7     (6.4)       8.0     (4.2)  5.8     (.15)       7.9     (7.3)  6.0     (44)       4.8    (3.3) 

Median(rangel  —  1,8    (1-47)  8.0   (2-20)      7.2(0,5-18)        5.0   (2-15)      5.9(0.1-38)         5.0    (1-20)      4.0(0.7-17) 


3.9    (3.2)       3.5     (3,1 1 
3.5   (1-18)      2.8  (0.1-16) 


Number  ol  icspiralory  therapy  modalities 

Mean(SD)  7,0  8,3     (4.6)  5.4     (2.1)       6.3     (1,6)  4,2     (1.3)       5.6     (1.9)  3.5     (1,3)       4,4    (1,9) 

Median  (range)  —  8,0    (3-14)  5,0    (2-8)       6.0     (4-9i  4,0    (1-6)       5.0    (1-lh  4,0     il  5)       4,0    (l-9i 


3.0    (1.2)       2.5     (1.6) 
3.0    (1-5)       2,0     (0-61 
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icantly  to  the  outcomes  measured  but  that  much  of  the  vari- 
ation is  explained  by  features  other  than  those  summarized 
in  Triage  Ratings. 

Table  5       Correlations  between  Triage  Ratings  and  Outcome  Measures 
in  Groups  1  and  2 


Outcome  Measure 

Group  1 
(n  =  98) 

Group  2 
(n=179) 

Spearman" 

P 

p  Value 

Spearman' 

SP 

p  Value 

Mean  oxygenation 
saturation  (%) 

-0.19 

0.07 

0.004 

0.96 

Fio:  (%) 

-0,47 

<  0.001 

-0.46 

<  0.001 

requirement 

Mean  length  of 
hospital  stay  (days) 

-0.27 

0.07 

-0.40 

<  0.001 

Mean  days  requiring 
respiratory  therapy 

-0.33 

0.001 

-0.35 

<  0.00 1 

Mean  number  of 
respiratory  therapy 
modalities 

-0.43 

<  0.00 1 

-0.53 

<  0.001 

Mean  respiratory 
therapy  charges  (S) 

-0.37 

<  0.001 

-0.58 

<  0.001 

The  mortality  rates  among  patients  suatified  by  Triage  Score 
in  Group  2  were:  Score  1,  25%;  Score  2.  2\9c:  Score  3.  7%; 
Score  4,  3%:  and  Score  5.  8%.  For  Group  1 ,  only  4  deaths 
occurred,  not  permitting  meaningful  analysis.  In  Group  2,  a 
total  of  14  were  obsened  (8.0% ).  Though  not  statistically  sig- 
nificant, a  trend  showing  higher  mortality  rates  among  patients 
with  lower  Triage  Scores  was  observed  (p  =  0.07). 

To  further  examine  whether  Triage  Score  ratings  were 
related  to  mortality,  an  ROC  analysis  was  fierfonned  for  Group 
2  (Fig.  3).  The  iirea  under  the  ROC  curve  was  0.637.  with  the 
95%  confidence  interval  0.466-0.807.  indicating  that  the  Triage 
Rating  instniment  related  to  a  degree  that  differed  froin  a  pure 
guess  at  probability,  p  =  0.058. 

Finally,  the  analysis  of  interobserver  reliability  in  assign- 
ing Triage  Ratings  to  the  same  group  of  79  patients  showed 
good  concordance  using  both  simple  and  weighted  \'statis- 
tics.  The  simple  ^'statistic  was  0.45  (95%  CI,  0.29-0.61 ).  indi- 
cating moderate  agreement  beyond  chance.  The  2  raters  agreed 
in  Triage  Score  assignments  in  62%  of  the  patients  evaluated 
(K" expected  agreement  31%).  The  weighted  v statistic  was 
0.61  (95%  CI,  0.48-0.74),  with  the  observed  agreement  between 
the  2  therapists  90%  (expected  k" agreement  76%),  again  show- 
ing moderate  agreement  beyond  chance.  Finally,  Figure  4  pre- 
sents the  Triage  Point  assignments  of  Rater  I  versus  Rater 
2.  Overall,  82.3%  of  ratings  were  similar  within  3  points  (95% 
CI  =  72-90%). 


Re-Evaluation  Frequency 


Re-evaluation  will  be  performed  in  accordance  with  the  patient's  acuity  level  (triage  number).  The  acuity  level  may 
change  with  each  evaluation.  The  patient  will  be  assessed  with  each  treatment  and  therapy  adjusted  when 
necessary. 


Triage  Number 


Re-evaluation  Interval 


1  Dally* 

2&3 Every  3  days 

4  &  5 It  2  consecutive  evaluations 

remain  unchanged,  re-evaluations 
may  be  extended  to  every  7  days 


■|f,  after  3  days  of  daily  evaluation,  a  Triage  1  patient  is  found  to  be  chronic  but  stable,  evaluations  may  be  performed  every  3  days. 

Patients  with  a  Triage  Score  of  1 ,  and  those  with  aerosol  treatments  to  be  given  at  a  frequency  greater  than  q4 
should  be  discussed  with  their  primary  physician.  In  addition,  during  the  course  of  therapy,  the  physician  will  be 
called  if  the  patient's  clinical  status  deteriorates  or  if  an  adverse  event  occurs. 


Fig.  3.  Form  for  determining  frequency  of  re-evaluation  by  tfie  Triage  Score. 
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Fig.  4.  Triage  Poirnt  assignments  by  Raters  1  and  2  on  79  patients 
are  compared.  Diagonal  line  indicates  perfect  agreement. 


Discussion 

The  current  research  presents  a  Triage  Rating  instrument 
for  assessing  patients"  needs  for  respiratory  care  services. 
Although  formally  analyzed  for  the  first  time  in  this  study, 
this  rating  instrument  has  been  in  long-standing  use  at  our  insti- 
tution for  identifying  patients  least  in  need  of  respiratory  c;ire 
services  when  the  demand  for  respiratory  care  services  out- 
strips available  therapists  to  deliver  care.  As  is  common  in 
busy  departments  of  respiratory  care,  triage  decisions  ha\  e 
been  required  frequently  in  our  depiulment.  with  unatteniptcd 
therapies  accounting  for  approximately  \y/(  of  all  respira- 
tory care  orders  in  1994.  Because  the  Triage  Rating  instru- 
ment already  had  well-established  use  in  our  Section  of  Res- 
piratory Therapy  and  was  felt  to  be  helpful  by  supervisors  and 
managers  in  assigning  patient  workloads,  we  elected  to  e\al- 
uate  the  existing  Tnagc  Rating  instrument  (Fig.  1 )  rather  than 
a  revised  or  even  possibly  improved  version. 

The  clinical  \alidily  ol'this  pre-existing  Triage  Rating  instru- 
inent  is  supported  by  the  significant  correlations  obsersed 
between  Triage  Scores  and  clinical  indicators  of  severity  of 
illness  (eg.  length  of  hospital  stay,  oxygen  concentration  re- 
quirements) and  of  the  need  for  respiratory  therapy  (eg.  num- 
ber of  respiratory  therapy  modalities  required,  number  of  days 
requiring  respiratory  therapy,  and  charges  incurred  for  res- 
piratory therapy  services)  in  this  study.  Although  the  num- 
ber of  deaths  was  small  in  both  groups  ( 1 4  deaths  among  the 
179  Group  2  patients  and  4  deaths  among  the  98  Group  1 
patients)  and  a  statistically  significant  relationship  between 
mortality  and  Triage  .Score  was  not  achieved,  a  trend  was  e\  i- 


dent  in  the  inverse  relation  between  Triage  Scores  and  mor- 
tality rates  (p  =  0.07)  in  Group  2.  Although  the  Triage  Rat- 
ing instrument  is  not  intended  for  predicting  mortality,  we  inter- 
pret tlie  trend  between  lower  Triage  Scores  and  higher  mortality 
as  further  support  for  the  clinical  validity  of  the  Triage  Rat- 
ing instrument.  The  validity  of  the  Triage  Rating  instrument 
is  further  suggested  by  the  consistently  significant  correla- 
tions between  Triage  Score  ratings  and  clinical  outcomes  in 
the  2  independent  patient  groups  that  were  evaluated  in  this 
study.  Finally,  the  actual  values  of  outce)me  variables  w  iihin 
Triage  Score  strata  were  similar  in  Groups  1  and  2  (Table  4), 
suggesting  that  the  Triage  Rating  instrument  created  repro- 
ducible categories  in  2  independent  patient  samples. 

In  evaluating  the  current  Triage  Rating  instrument,  this 
research  extends  the  few  existing  studies  of  other  available 
respiratory  rating  instruments,  none  of  which  has  been  for- 
mally validated.  It  bears  mention  that  the  current  instrument 
has  been  called  the  Triage  Rating  instrument  to  recognize  its 
historical  function  of  identifying  patients  least  in  need  of  res- 
piratory care  under  conditions  of  high  demand.  The  Triage 
Rating  instrument  has  been  incorporated  into  our  RTCS,  where 
it  is  used  to  help  detennine  the  frequency  of  respiratory  ther- 
apy and  the  frequency  w ith  which  patients  are  formally  re- 
evaluated. To  the  extent  that  the  RTCS  lessens  misallocation 
of  respiratory  care,  the  need  for  actual  triage  decisions  for  res- 
piratory care  (ie,  in  which  care  that  is  ordered  is  not  deliv- 
ered) should  lessen  as  well. 

Despite  the  clinical  rele\ance  of  the  proposed  rating  instru- 
ment, several  shortcomings  of  the  rating  instrument  and  of  the 
current  study  require  mention.  First,  because  the  Triage  Rat- 
ings help  detemiine  the  frequency  of  respiratory  therapy  treat- 
ments (eg,  2  \s  4  times  daily),  significant  coirelation  between 
Triage  Scores  and  the  number  of  respiratory  therapies  deliv- 
ered could  be  expected.  However,  decisions  about  the  ninn- 
ber  and  types  of  respiratory  therapy  modalities  remaui  inde- 
pendent of  the  Triage  Scores,  so  these  coirelations  ;uc  unbiased. 

Second,  despite  the  significant  coirelation  between  Triage 
Scores  and  the  clinical  indicators  examined,  the  low  explained 
variance  suggests  that  factors  oihci  than  tht)se  included  in  the 
8  axes  of  the  Triage  Rating  insirumenl  play  a  significant  role 
in  determining  length  of  stay,  hospital  mortalit\  latc,  and  e\en 
the  number  of  respiratory  treatments  aiul  modalities  used.  In 
the  case  of  outcomes  such  as  hospital  mortality  and  length 
of  stay,  the  modest  degree  of  \  ariance  explained  b_\  the  Triage 
Scores  is  not  surprising  because  ii  is  expected  that  factors 
beyond  the  patient's  respirator)  status  bear  an  important  in- 
tlucnce  on  these  outcomes.  How  ever,  in  the  case  ol  the  num- 
ber of  respiratorv  lieatmeiils.  the  number  i)f  modalities,  and 
the  length  of  need  for  icspiralor\  care  treatments,  the  mod- 
est degree  of  explained  \  ariance  is  more  surprising  and  sug- 
gests the  incompleteness  of  the  8-axis  Triage  Rating  instru- 
ment in  summarizing  the  complexity  of  patients'  respiratory 
care  needs.  Indeed.  rele\  ant  features  that  could  inlluence  these 
outcomes  but  w  hich  are  not  taken  into  account  in  the  current 
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Triage  Rating  instrument  might  include  the  patient's  initial 
response  to  therapy,  the  degree  of  baseline  pulmonary  func- 
tion impairment  (eg.  FtVi ).  and  compliance  with  self-admin- 
istered therapy  (eg.  independent  performance  of  incentive 
spirometry).  The  unavailability  of  measurements  of  tliese  v;iri- 
ables  in  the  current  study  precluded  our  analyzing  their  con- 
tribution to  the  current  Triage  Rating  instrument. 

Besides  clinical  validity,  an  important  test  of  a  clinically 
useful  rating  instrument — especially  one  that  employs  ratings 
of  subjective  clinical  features  such  as  strength  of  cough — is 
that  there  is  agreement  beyond  chance  alone  when  the  instm- 
ment  is  applied  by  different  raters  (ie.  reliability).  The  instru- 
ment satisfies  this  requirement,  based  on  its  demonstrating 
a  90%  weighted  \" agreement  and  a  62%  simple  ^"agreement 
when  applied  independently  by  2  therapists,  demonstrating 
moderate  agreement  beyond  chance  alone. 

Finally,  although  this  study  presents  the  most  extensive 
available  evaluation  of  a  instrument  for  rating  respiratory  care 
needs,  further  study  of  this  Triage  Rating  insuiiment  is  needed. 
Although  the  degree  of  correlation  between  scores  and  clin- 
ical indicators  was  similar  in  2  independent  patient  samples, 
validation  by  others  in  different  patient  groups  is  required. 
Also,  further  attention  should  be  given  to  the  features  that 
influence  patients'  respiratory  care  needs  but  that  are  not  cap- 
tured by  the  8  a.xes  in  the  instalment.  Identification  and  inclu- 
sion of  such  features  would  be  expected  to  increase  the  strength 
of  correlation  w  ith  Triage  Scores.  Finally,  further  studies 
should  also  consider  the  relation  of  Triage  Ratings  to  other 
relevant  clinical  outcomes,  such  as  ICU  transfer  and  occur- 
rence of  nosocomial  pneumonia,  that  were  not  tracked  in  the 
current  study. 

Conclusion 

In  summary,  the  clinical  validity  of  the  current  Triage  Rat- 
ing instrument  is  suggested  by  the  significant  correlation  of 
Triage  Scores  with  important  clinical  outcome  measures,  such 
as  length  of  hospital  stay,  inspired  oxygen  concentration  require- 
ment to  achieve  adequate  saturation,  and  measures  of  res- 
piratory care  needs  such  as  the  duration  of  therapy  required. 


the  number  of  modalities  needed,  and  the  total  number  of  res- 
piratory treatments  needed.  This  conclusion  is  strengthened 
by  tl:e  reproducibility  of  the  correlations  in  the  two  independent 
patient  samples  that  were  evaluated  in  this  study. 


REFERENCES 


6. 


10, 


II 


1 .  K.nau^  WA,  Zimniemiaii  JE,  Wagner  DP.  Draper  EA.  Lawrence  DE. 
APACHE-acute  physiology  and  chronic  heakh  evaluation:  A  phys- 
iologically based  classification  instrument.  Crit  Care  Med  I98I: 
9(8):59I-597. 

2.  Teres  D.  Ixmeshow  S.  Avrunin  JS.  Pastides  H.  Validation  of  ttie  mor- 
tality prediction  model  for  ICU  patients.  Crit  Care  Med  1987; 
15(,^);208-2I.\ 

.^.  Zibrak  JD.  Rossetti  P.  Wood  E.  Effect  of  reductions  in  respiratory 
therapy  on  patient  outcome.  N  Engl  J  Med  1986;  .^15(.'i):292-295. 

4.  Torrington  KG.  Henderson  CJ.  Perioperative  respiratory  therapy 
(PORT).  A  program  of  preoperative  risk  assessment  and  individu- 
alized postoperative  care.  Chest  1988;  9.^(.*i):946-95f 

5.  Stoller  JK.  Skibinski  CI.  Giles  DK.  Kester  L.  Physician-ordered  res- 
piratory care  vs.  physician-ordered  use  of  a  respiratory  therapy  con- 
sult service.  Results  of  a  prospective  observational  study.  Chest  1 996: 
IIO(2):422-429. 

Giles  DK.  Kester  L.  Stoller  JK.  Validationof  the  triage  rating  instru- 
ment in  the  respiratory  therapy  consult  service  (abstract).  Respir  Care 
1994;  .^9:1096. 

Giles  DK.  Malloy  R.  Assessment  instruments  in  respiratory  care.  In: 
Therapist-driven  protocols.  Stoller  JK,  Kester  L  editors.  Respiratory 
Care  Clinics  of  North  America.  Philadelphia:  WB  Saunders  Co; 
1996;2:77-91. 

Stoller  JK.  Haney  D,  Burkhart  J,  Fergus  L.  Giles  D,  Hoisington  E. 
Kester  L.  Komara  J.  McCarthy  K,  McCann  B.  Meredith  R.  Orens 
D.  and  the  Section  of  Respiratory  Therapy.  Physician-ordered  res- 
piratory care  vs.  physician-ordered  use  of  a  respiratory  therapy  con- 
sult service:  early  expenence  at  the  Cleveland  Clinic  Foundation.  Respir 
Care  199.^;  ,^8:1  I4.VI  L'i4. 

Kramer  MS.  Feinstein  AR.  Clinical  biostatistics:  LIV.  The  biostatistics 
of  concordance  [Published  erratum  Clin  Pharmacol  Ther  1989; 
46(3):.W9].  Clin  Pharmacol  TherI98I;29(l):I  I I-I23. 
Cicchetti  DV,  Allison  T.  A  new  procedure  for  assessing  reliabil- 
ity of  scoring  EEG  sleep  recordings.  Am  J  EEG  Technology  1 97 1 ; 
11:101-109. 

Dorfman  DD.  Alf  E  Jr.  Maximum  likelihood  estimation  of  param- 
eters of  signal  detection  of  confidence  intervals — rating  method  data. 
J  Math  Psych  1969;6:487-496. 


8. 


RESPIRATORY  CARE  •  OCTOBER  "97  VOL  42  NO  10 


973 


Reviews,  Overviews,  &  Updates 


Comparative  Efficacy  and  Safety  of  Inhaled  Fluticasone  Propionate  and 
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Introduction 

Although  the  hallmark  of  asthma  has  always  been  reversible 
airway  obstruction,  it  has  been  more  recently  appreciated  that 
much  of  the  pathology  of  this  disease  process  stems  from  an 
associated  chronic  inflammation  of  the  airways,  resulting  from 
both  immunologic  and  nonimmunologic  causes.  In  addition 
to  airway  obsUTjction.  the  most  prominent  symptoms  of  asthma 
include  bronchospasm.  mucosal  edema,  infilu^ation  of  inflam- 
matory cells,  mucus  plugging,  and  airway  hyperresponsiv- 
ity  to  a  variety  of  stimuli.'  In  accord  with  recognition  of  the 
inflammatory  component  of  asthma,  anti-inflammatory  drugs 
are  now  recommended  for  both  initial  and  maintenance  treat- 
ment of  asthma.  Short-acting  /3-2  adrenergic  agonist  bron- 
chodilators,  which  were  previously  considered  to  be  primary 
therapeutic  agents,  are  now  typically  reserved  for  acute  symp- 
tom relief.-  ■* 

For  asthmatic  patients,  the  anti-inflainmatory  agent  of  choice 
is  an  inhaled  corticosteroid.  In  the  United  States,  four  inhaled 
corticosteroid  preparations  are  available:  beclomethasone  di- 
propionate (BDP),  flunisolide  (FL),  triamcinolone  acetonide 
(TAA).  and  fluticasone  propionate  (FP).  Budesonide  (BUD), 
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an  inhaled  corticosteroid  widely  used  in  Europe,  has  recently 
been  approved  for  use  in  the  United  States.  Once  inhaled,  these 
drugs  or  their  active  metaboUtes  reduce  airway  hyperreactivity 
and  inflamination  by  preventing  mediator  release  from  mast 
cells  and  inhibiting  eosinophil  infiltration,  cytokine  release 
from  lymphocytes  and  macrophages,  and  microvascular  leak- 
age in  airways.- "  They  may  also  affect  the  transcription  of 
steroid-responsive  genes  involved  in  cytokine  production.' 
Fluticasone  came  on  the  market  in  the  United  States  in 
1996.  Because  of  the  short  time  it  has  been  in  use,  there  is 
a  relative  dearth  of  clinical  data  concerning  its  safety  and  effi- 
cacy. In  particular,  there  are  few  direct  comparisons  of  FP 
and  other  inhaled  corticosteroids.  In  this  paper,  I  review  those 
clinical  studies  that  have  assessed  the  efficacy  and  safety  of 
FP,  with  a  particular  emphasis  on  comparative  clinical  stud- 
ies of  inhaled  FP  in  the  treatment  of  asthma.  I  have  partic- 
ularly chosen  studies  that  ha\e  directly  compiu-ed  inhaled  FP 
with  BDP,  a  corticosteroid  with  an  established  record  of  clin- 
ical use  with  asthma. 

General  Safety  Considerations  during  Inhaled 
Corticosteroid  Therapy 

The  primary  adverse  effect  of  systemic  endogenous  cor- 
ticosteroids is  the  suppression  of  the  feedback  svstem  that  links 
the  hypothalamus,  pituitar>',  and  adrenal  glands  (the  HPA  a,\is) 
and  regulates  endogenous  glucocorticoids  levels  within  nor- 
mal limits.  When  this  negati\e  feedback  loop  is  operative,  cir- 
culating corticosteroids  inhibit  the  secretion  of  both  corti- 
cotropin-releasing  hormone  (CRH)  and  adrenocorticotropic 
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honnone  (ACTH).  When  levels  of  exogenous  corticosteroids 
are  high,  they  may  suppress  the  HPA  axis  by  reducing  the  pro 
ductionof  ACTH.^'" 

Corticosteroid  toxicity  tends  to  mimic  the  symptoms  of 
hyperadrenalism  (Gushing  syndrome).  These  include  facial 
edema  ( 'moon  face" ),  hirsutism,  acne,  postsubcapsular  cat- 
aracts, abnormal  fat  deposition  in  abdominal  and  thoracic 
regions,  perforating  ulcers,  weakness  in  the  proximal  mus- 
culature of  the  arms  and  legs,  and  behavioral  disturbances.'" 
Use  of  corticosteroids  can  also  suppress  the  immune  system, 
resulting  in  increased  susceptibility  to  infection. 

Abrupt  withdrawal  of  oral  or  chronic  high-dose  inhaled 
corticosteroid  therapy  may  result  in  acute  adrenal  insufficien- 
cy, a  potentially  life-threatening  situation  characterized  by 
disordered  glucose  metabolism  and  fat  mobilization,  muscle 
weakness,  and  sluggishness  resulting  from  an  overall  failure 
of  energy  mobilization.'"  If  dosing  of  exogenous  corticosteroids 
is  repeated  or  prolonged,  recovery  of  ACTH  production  is  like- 
ly to  be  slower  than  it  would  have  been  following  the  tran- 
sient suppression  caused  by  a  single  or  occasional  dose.' 

Several  clinical  tests  are  available  for  testing  the  integrity 
of  the  HPA  axis.  A  single,  morning  plasma  Cortisol  level,  24- 
hour  urinary-free  Cortisol  excretion,  overnight  urinary  Cor- 
tisol excretion,  24-hour  integrated  plasma  Cortisol,  or  noc- 
turnal integrated  plasma  Cortisol  level  are  all  used  to  assess 
basal  adrenal  activity.  Repeated  plasma  Cortisol  determina- 
tions are  more  sensitive  for  detecting  small  changes  in  basal 
Cortisol  secretion  rate.  The  least  sensitive  test  is  a  single  plasma 
Cortisol  level.'  Other  clinical  tests,  including  the  short  tetra- 
cosactrin  test  and  the  cosyntropin  (synthetic  ACTH)  test,  mea- 
sure the  ability  of  the  adrenal  cortex  to  respond  with  Corti- 
sol release  following  stimulation  rather  than  basal  hormone 
levels.*'"  Comparison  of  these  responses  before  and  after  cor- 
ticosteroid treatment  provides  a  sensitive  index  of  normal  func- 
tioning of  the  HPA  axis. 

Pharmacokinetics  of  Fluticasone  Propionate 

Although  definitive  pharmacokinetic  studies  of  inhaled  flu- 
ticasone propionate  have  yet  to  be  performed,  preliminary  phar- 
macokinetic data  have  been  derived  from  a  study  of  the 
metabolism  of  oral  or  intravenous  drug  in  6  human  subjects. '- 
The  results  of  this  study  suggest  that  fluticasone  propionate 
has  minimal  oral  bioavailability  (<l%)  in  inhaled  doses  of 
up  to  1 6  mg  and  that  swallowed  drug  undergoes  almost  total 
first-pass  extraction  in  the  liver.'-  These  results  do  not  com- 
pletely address  the  question  of  systemic  bioavailability,  how- 
ever. Bioavailability  of  the  total  delivered  dose  by  the  actu- 
ator is  reported  to  be  30%,  a  figure  that  presumably  represents 
drug  absorbed  in  intact  form  directly  from  the  lungs."  This 
fraction  of  the  dose  is  likely  to  be  active  because  first-pass 
hepatic  metabolism  is  bypassed  and  biotransformation  within 
the  lung  may  be  incomplete.'-*  Studies  designed  to  specifically 
address  these  issues  are  necessary. 


The  issue  of  the  bioavailability  of  inhaled  FP  has  been 
clouded  by  the  fact  that  this  drug  was  reformulated  prior  to 
its  approval  for  use  in  the  United  States.  The  pivotal  clini- 
cal trials  of  inhaled  FP  submitted  to  the  FDA  as  part  of  the 
drug  approval  process  were  conducted  using  drug  dispensed 
in  a  10%  lecithin  suspension.'^"' After  completion  of  the  clin- 
ical trials,  FP  was  reformulated  in  a  1%  lecithin  suspension 
due  to  FDA  concerns  regarding  dose  consistency.  Bioequiv- 
alency  of  the  \9c  and  10%  formulations  of  FP  was  tested  in 
a  double-blind,  randomized,  2-way,  crossover  study  of  24 
healthy  adult  men.  A  dose  of  1000  jug  once/day  or  250  /ig 
4  times/day  was  used  for  both  formulations.  The  geometric 
mean  of  the  area  under  the  plasma  concentration  versus  time 
curve  ( AUC),  a  parameter  that  is  directly  related  to  systemic 
exposure,  was  significantly  greater  in  the  subjects  treated  with 
the  17f  lecithin  formulation.  It  was  concluded  that  the  1% 
lecithin  formulation  of  FP  has  a  higher  bioavailability  than 
the  10%  formulation  and  the  2  formulations  are  not  bio- 
equivalent.'-"'*' This  suggests  that  the  clinical  trial  data  pre- 
sented to  the  FDA  may  actually  underestimate  FP  bioavail- 
ability and.  hence,  the  risk  of  HPA-axis  suppression  posed 
by  the  1%  lecithin  formulation.  During  clinical  trials,  HPA- 
axis  suppression  was  seen  at  a  dosage  (500  iJg  twice  daily) 
that  is  within  the  manufacturer's  recommended  dose  range 
for  the  10%  lecithin  formulation.  Use  of  the  new  1%  formu- 
lation, with  its  higher  bioavailability,  could  possibly  exac- 
erbate this  effect  at  doses  >  1000  /ug/day  and  might  cause  HPA- 
axis  suppression  at  lower  doses. 

Assessments  of  the  Systemic  Activity  of  Fluticasone 
Propionate  in  Normal  Subjects 

Several  studies  have  tested  the  systemic  bioactivity  of  FP, 
assessed  as  the  ability  to  suppress  HPA-axis  function,  in  nor- 
mal healthy  subjects.  Grahnen  et  al"  gave  single  doses  of 
inhaled  FP  (0.25.  0.5.  or  1  mg).  800  ^g  BUD.  or  placebo  by 
Diskhaler®,"  to  25  young  men.  All  drugs  were  given  at  the 
same  time  of  day  followed  by  mouth  rinsing  to  ininimize  oral 
drug  absorption.  The  order  of  drugs  was  randomized  in  all 
subjects  and  a  washout  period  of  4  days  was  allowed  between 
consecutive  doses.  A  series  of  venous  blood  samples  and  a 
24-hour  urine  sample  were  collected  for  analysis  of  Cortisol. 
In  the  second  part  of  the  study,  7  1 000-/(g  doses  of  FP  were 
given  at  12-hour  intervals.  Blood  samples  were  collected  dur- 
ing and  after  dmg  treatment  and  a  post-treatment  24-hour  urine 
sample  was  collected  for  Cortisol  analysis. 

Plasma  Cortisol  concentration,  measured  as  the  area  under 
the  curve  of  plasma  concentration  over  20  minutes  follow- 
ing drug  inhalation,  was  significantly  suppressed  for  all  drugs 
compared  to  placebo.  For  FP.  the  degree  of  Cortisol  suppression 
was  dose  related.  The  greatest  degree  of  Cortisol  suppression. 
65%  relative  to  placebo,  was  seen  following  the  7  ]000-/ig 
doses  of  FP  and  was  more  than  double  that  seen  l\)llow ing 
a  single  1 000  /ig  dose  of  FP.  A  similar  pattern  of  Cortisol  sup- 
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pression  was  also  seen  in  24-hour  urine  samples.  These  results 
indicate  that  inhalation  of  therapeutically  relevant  single  doses 
of  FP  can  result  in  systemic  concentrations  of  drug  sufficient 
to  cause  significant  suppression  of  plasma  Cortisol  levels.  The 
source  of  the  systemic  drug,  although  not  specifically  iden- 
tified, was  presumed  to  be  absorption  via  the  lung.' 

In  a  similar  study.  Grove  et  al"*  measured  the  effect  of  1 
week  of  inhaled  dry  powder  treatment  with  either  375  or  750 
Hg  FP  twice  daily  or  800  /(g/day  BUD  on  morning  Cortisol 
levels  and  tetracosactrin-stimulated  Cortisol  release  in  9  healthy 
subjects.  Following  each  drug  administration,  subjects  rinsed 
their  mouths  to  minimize  oral  bioavailability  of  the  dmg.  There 
was  a  1  -week  washout  period  between  drug  doses.  A  ran- 
domized, single-blind,  crossover  design  was  used  for  the  saidy. 

After  1  week  of  treatment  with  both  doses  of  FP.  morn- 
ing plasma  Cortisol  values  were  unchanged.  In  contrast,  tetra- 
cosactrin-stimulated Cortisol  release,  an  index  of  HPA-axis 
response  to  stimulus,  was  significantly  reduced  by  18%  from 
pretreatment  levels  following  daily  treatment  with  750  fUg 
inhaled  FP  and  1 5%  following  1 500  //g.  This  effect  was  not 
dose  dependent  and  was  statistically  equivalent  to  the  effect 
seen  following  treatment  with  BUD.  The  authors  concluded 
that  the  demonstrated  HPA-axis  suppression  that  occurred 
with  relatively  low  doses  of  FP  despite  mouth  rinsing  sug- 
gests that  significant  absorption  of  this  drug  occurs  across 
the  lung  vasculature  and  may  be  a  major  determinant  of  ad- 
verse systemic  effects."^ 

Dogterom  et  al'"  comp;ired  dose-related  Cortisol  suppression 
of  equivalent  doses  of  FP  and  BUD  in  21  healthy  volunteers. 
In  a  randt)nuzed.  placebo-controlled  crossover  study,  subjects 
received  FP  (200.  375,  and  1000  ^g,  twice  daily),  BUD  (200, 
400,  and  IOOO//g.  twice  daily),  or  placebo  by  metered  dose 
inhaler  (MDl).  All  doses  were  given  at  the  same  time  each 
day  for  4  days.  The  integral  of  plasma  Cortisol  concentration 
was  calculated  for  the  last  24  hours  of  each  dose.  Treatment 
with  FP  resulted  in  a  dose-dependent  suppression  of  integrated 
plasma  Cortisol  levels  relative  to  controls.  At  each  dose,  this 
suppression  was  significantly  greater  than  that  seen  follow- 
ing treatment  with  equivalent  doses  of  BUD.  The  authors  con- 
cluded that  the  systemic  activity  of  FP  appears  to  be  fourfold 
higherthanthatofBUD." 

Comparative  Kfficacv  &  Safety  Studies  in 
Mild-to-Moderate  Asthma 

Comparisons  of  clinical  assessments  of  the  efficacy  of  dif- 
ferent inhaled  corticosteroids  in  the  treatment  of  asthma  from 
the  extant  literature  are  difficult  for  a  variety  of  reasons.  First, 
no  one  study  has  incorporated  all  of  the  inhaled  corticosteroids 
cunently  in  clinical  use.  Second,  study  populations,  methods 
of  drug  adminisUation,  and  drug  dosages  ;ue  not  unifonn  across 
studies.  Finally,  in  only  a  few  studies  have  investigators 
addressed  the  issue  of  subject  compliance  when  trial  results 
were  assessed.  Any  or  all  of  these  factors  may  contribute  to 


the  apparent  discrepancies  among  different  clinical  trials,  and 
the  results  of  all  trials  should  be  considered  with  these  caveats 
in  mind. 

A  number  of  studies  have  compared  the  efficacy  of  FP  and 
BDP  in  the  treatment  of  symptomatic  mild-to-moderate  asthma. 
In  a  double-bUnd.  parallel  group  study.  LeBlanc  et  al-"  com- 
pared the  effects  of  4  weeks  of  treatment  with  BDP  336  /(g/day 
or  FP  1 76  pg/day  on  various  parameters  of  respiratory  func- 
tion in  261  patients  with  mild-to-moderate  asthma.  Both  treat- 
ments resulted  in  significant  improvements  in  a  variety  of  elTi- 
cacy  measures,  including  morning  peak  expiratory  tlowrate 
(PEFR),  symptom  scores,  percentage  of  symptom-free  days 
and  nights,  use  of  rescue  /J-2  agonist  medication,  and  clini- 
cal lung  function.  The  patients  treated  with  BDP  had  signif- 
icantly more  rescue-free  days,  but  none  of  the  other  differen- 
ces between  the  2  drugs  was  significant.  HPA-axis  function 
was  assessed  in  the  2  treatment  groups  by  measurement  of 
morning  plasma  Cortisol  levels  in  all  patients  and  tetracosacUin 
tests  in  a  subset  of  the  patients  (n  =  167).  Morning  plasma  Cor- 
tisol values  increased  significantly  in  patients  treated  with  FP 
and  decreased  significantly  in  patients  receiving  BDP.  Sim- 
ilar results  were  noted  in  those  patients  v\  ho  received  the  teU-a- 
cosactrin  test. 

Lundback  et  al-'  compared  the  efficacy  and  safety  of  FP 
and  BDP  in  585  adult  patients  with  moderate  asthma  who 
were  already  receiving  400  to  1000  //g/day  inhaled  corti- 
costeroids. In  this  double-blind,  randomized,  parallel  group 
study,  patients  received  FP  500  ^g/day,  as  either  a  dry  pow- 
der via  a  Diskhaler  inhaler  or  MDI,  or  BDP  1000/ig/day  via 
pressurized  inhaler  for  6  weeks.  At  the  end  of  this  period,  those 
patients  who  wished  were  allowed  to  continue  the  regimen 
to  which  they  had  been  assigned  for  an  additional  46  weeks. 
All  3  treatments  resulted  in  improvements  in  PEFR.  clin- 
ical lung  function,  a  reduction  in  daytime  and  nighttime 
asthma  symptoms,  and  a  reduction  in  daytime  and  nighttime 
use  of  rescue  bronchodilator  medication.  Although  FP  (Disk- 
haler) was  significantly  more  effective  than  BDP  in  reduc- 
ing diurnal  variation  and  improving  nighttime  symptoms. 
BDP  was  significantly  more  effective  than  both  FP  formu- 
lations in  impro\ing  daytime  symptoms.  Over  12  months, 
no  significant  difference  in  efficacy  or  tolerability  among 
the  3  treatments  was  detected.  HPA-axis  funcfion,  assessed 
from  morning  plasma  Cortisol  levels  before,  midway,  and 
after  the  6-week  treatment  period,  were  not  affected  by  any 
of  the  treatments.-' 

CiListafsson  et  al--  compared  the  etficacy  and  safety  of  FP 
and  BDP  in  398  children  (mean  age.  10  years:  range.  4  to  19 
years)  with  mild-to-moderate  asthma  who  had  previously  been 
receiving  up  to  400  ;/g/da\  of  inhaled  corticosteroids.  In  this 
double-blind,  parallel  group  study,  patients  were  randomly 
assigned  to  receive  FP  200  ;yg/day  or  BDP  400  /ig/day  for  6 
weeks  following  a  2-week  nin-in  period.  .\\\  drugs  were  deliv- 
ered via  MDI  equipped  with  a  spacer  device.  Patients  mea- 
sured PEFR  daily.  PEFR  and  forced  expiratory  volume  in  I 
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second  (FEVi)  were  also  measured  by  a  physician  during  each 
of  5  clinic  visits  (before  run-in:  before,  during,  and  after  treat- 
ment; 2  weeks  post-treatment).  Basal  plasma  Cortisol  values 
were  measured  before  and  after  treatment  as  an  inde.x  of  HPA- 
axis  suppression. 

Major  efficacy  parameters,  including  clinical  lung  func- 
tion, percentage  of  symptom-free  days  and  nights,  and  diur- 
nal variation  in  PEFR.  were  significantly  impro\ed  v\ ith  both 
inhaled  corticosteroids.  There  was  no  significant  difference 
in  the  degree  of  improvement  between  the  2  treatments. 
Morning  plasma  Cortisol  levels,  assessed  before  and  after 
the  6-week  treatment  period,  did  not  change  significantly 
with  treatment  and  were  not  significantly  different  in  the 
2  treatment  groups. -- 

In  a  4-week,  multicenter.  double-blind,  randomized,  par- 
allel group  study.  Dahl  et  al-'  studied  the  dose-effect  relation- 
ship of  4  doses  of  inhaled  FP  (50.  100.  200,  and  400  jug  twice 
daily)  in  672  adult  patients  with  moderate  asthma  and  com- 
pared the  results  with  those  of  patients  receiving  200  f.ig  BDP 
twice  daily.  All  drugs  were  administered  by  MDl.  During  a 
2-week  run-in  period.  /J-2  agonist  and  inhaled  corticosteroids 
were  replaced  with  l(X);/g  BDP  twice  daily  and  inhaled  salbu- 
tamol  as  required.  Treatment  with  other  asthma  medications 
was  continued  at  a  fixed  dose.  At  the  end  of  the  ain-in  period, 
patients  were  randomly  assigned  to  I  of  the  5  U-eatment  groups 
for 4  weeks.  Patients  measured  PEFR  and  s;ilbutamol  use  daily. 
PEFR.  FEVi.  and  forced  vital  capacity  (FVC)  were  also  mea- 
sured by  a  physician  before,  during,  and  after  completion  of 
drug  treatment.  Plasma  samples  taken  at  each  clinic  visit  were 
analyzed  for  plasma  Cortisol.  Half  of  the  patients  were  also 
tested  for  stimulated  plasma  Cortisol  levels  using  the  short  tet- 
racosactrin  test.  Treatment  with  FP  resulted  in  a  dose-related 
improvement  in  PEFR  over  the  treatment  period.  The  improve- 
ment in  PEFR  following  treatment  with  200  fjg/day  FP  was 
equivalent  to  that  .seen  following  treatment  with  400^g/day 
BDP.  Neither  basal  nor  stimulated  plasma  Cortisol  values  were 
significantly  reduced  during  treatment  with  either  agent, 
although  basal  Cortisol  values  tended  to  show  a  dose-related 
reduction  during  treatment  with  FP.-' 

Clark  et  al-"*  have  compared  the  degree  of  adrenal  sup- 
pression seen  following  treatment  of  mildly  a.sthmatic  patients 
with  either  FP  or  BUD.  Twelve  asthmatic  patients  who  were 
receiving  <  400  /(g/day  inhaled  corticosteroids  were  studied 
in  a  double-blind,  placebo-controlled,  crossover  design.  Pa- 
tients were  given  placebo,  or  single  doses  of  FP  (500,  1000. 
1 500.  or  2000  ^g ),  or  BUD  (400,  1 000.  1 600.  or  2000  ^g )  by 
MDl  followed  by  mouth  rinsing  at  10  PM,  and  plasma  sam- 
ples were  taken  for  measurement  of  Cortisol  levels  10  hours 
later.  Compared  to  placebo,  the  2  highest  doses  of  FP  ( 1 500 
or  2000  iJg)  and  the  highest  dose  of  BUD  (2000  ^g)  resulted 
in  significant  reduction  of  plasma  Cortisol  levels.  Compari- 
son of  the  degree  of  reduction  of  plasma  Cortisol  seen  following 
equivalent  doses  of  the  2  dnjgs  (2000 //gj  indicated  that  treat- 
ment with  FP  resulted  in  significantly  greater  reduction  of 


plasma  Cortisol  than  BUD.  At  the  highest  drug  dosages.  15 
of  24  patients  treated  with  FP  and  5  of  24  patients  U-eated  with 
BUD  fell  below  the  lower  limit  of  normal  plasma  Cortisol  val- 
ues (150  nm/L).  Based  on  these  findings,  the  authors  concluded 
that  FP  exhibits  at  least  a  twofold  greater  degree  of  adrenal 
suppression  than  BUD.-'* 

Comparative  Efficacy  &  Safety  Studies  in 
Severe  Asthma 

Patients  with  severe  asthma  require  higher  dosages  of 
inhaled  corticosteroids  to  manage  their  disease.  The  admin- 
istration of  these  higher  dosages,  particularly  when  they  are 
given  for  extended  periods  of  time,  poses  a  much  greater  risk 
of  adverse  side  effects.  Several  studies  have  compared  the  eftl- 
cacy  of  FP  and  other  inhaled  corticosteroids  in  this  setting. 

Boe  et  al-''  performed  a  randomized,  double-blind  com- 
parison of  the  efficacy  of  FP  ( 1 .0  mg  twice  daily)  and  BDP 
(0.8  mg  twice  daily),  both  administered  by  Diskhaler.  in  134 
adult  patients  with  moderate-to-severe  asthma.  The  patients 
were  stratified  according  to  their  daily  steroid  use.  After  a  run- 
in  period  of  2  weeks,  patients  were  treated  with  FP  or  BDP 
for  3  months.  Any  additional  asthma  medication  was  kept 
unchanged  during  the  study.  Patients  recorded  morning  and 
evening  PEFR  values  and  use  of  bronchodilator.  A  physician 
examined  patients  at  2-to-4-week  intervals.  At  each  examin- 
ation. PEFR.  FEVi.  and  FVC  were  assessed.  HPA-axis  func- 
tion was  detemiined  by  measuring  serum  Cortisol  and  ACTH 
after  0, 4,  and  1 2  weeks  of  treatment.  Both  treatments  resulted 
in  a  significant  improvement  in  mean  morning  and  evening 
PEFR.  However,  there  was  no  significant  difference  in  effica- 
cy measurements  between  the  2  treatments  at  any  time  period. 
In  contrast  to  the  similar  efficacy  of  the  2  drugs,  ireatment 
with  FP  resulted  in  reductions  of  both  sertim  Cortisol  and  serum 
ACTH  that  were  significantly  greater  than  equivalent  values 
measured  during  treatment  with  BDP.-^ 

In  another  comparison  of  the  efficacy  and  safety  of  BDP 
and  FP,  Fabbri  et  al-''  treated  274  patients  with  moderate-to- 
severe  asthma  who  were  currently  receiving  at  least  1000 
/ig/day  BDP  or  BUD  with  either  BDP  or  FP,  both  at  a  dose 
of  750  jjg  twice  daily  by  MDl.  This  study  was  multicentered 
and  employed  a  double-blind,  parallel  design.  During  a  2-week 
run-in  period,  all  patients  discontinued  use  of  their  normal 
inhaled  corticosteroid  and  received  1 .5  mg  BDP/day.  There- 
after, patients  were  randomized  to  BDP  or  FP  for  1  year.  Relief 
medication  was  continued  on  an  "as-required"  basis  over  the 
course  of  the  study.  Patients  were  seen  monthly  for  the  first 
3  months  of  the  study  and  at  3-month  intervals  thereafter.  PEFR, 
FEVi.  and  FVC  were  measured  at  all  visits  and  any  adverse 
events  were  noted.  During  all  visits,  plasma  samples  were  col- 
lected for  plasma  Cortisol  measurements.  At  the  prestudy  \  isit 
and  at  3-month  intervals.  24-hour  urine  samples  were  also  col- 
lected for  Cortisol  measurements.  Both  treatments  resulted  in 
equivalent  increases  in  PEFR  over  the  course  of  the  study. 
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Over  the  first  12  weeks  of  the  study,  increases  seen  with  FP 
treatment  were  significantly  greater  than  those  seen  with  BDP. 
No  significant  ditferenccs  were  observed  in  any  of  the  indices 
of  HPA-axis  suppression  or  in  the  incidence  of  adverse  side 
effects  between  the  2  groups.-'' 

Barnes  et  al-'  compared  the  efficacy  and  safety  of  FP  I 
mg/day  with  BDP  2  mg/day  in  154  adult  patients  with  severe 
asthma  for  6  weeks.  All  of  the  patients  in  this  double-blind, 
parallel-group  study  were  already  receiving  1 .5  to  2.0  mg  of 
inhaled  corticosteroid  daily.  After  a  2-week  run-in  period, 
patients  were  randomly  selected  to  receive  either  BDP  or  FP 
as  a  replacement  tor  their  usual  inhaled  corticosteroid.  All 
other  asthma  medication  was  continued  at  constant  dose. 
Patients  were  withdrawn  from  the  study  if  a  change  in  the 
dose  of  their  current  asthma  medication  proved  necessary. 
Patients  measured  morning  PEFR  and  recorded  asthma  symp- 
toms daily.  PEFR.  FEV|.  and  FVC  were  measured  during 
clinic  visits  at  the  end  of  the  run-in  period,  after  3  and  6  weeks 
of  treatment,  and  after  a  2-week  follow-up  period.  Plasma 
Cortisol  levels  were  measured  after  run-in  and  after  6  weeks 
of  treatment.  Treatment  with  both  corticosteroids  resulted 
in  an  increase  in  PEFR  and  an  improvement  of  asthma  symp- 
toms, but  none  of  the  improvements  was  significantly  dif- 
ferent between  treatments.  Plasma  Cortisol  levels  rose  after 
treatment  with  FP  but  fell  following  BDP  treatment.  The  dif- 
ference in  the  change  in  plasma  Cortisol  levels  between  treat- 
ments was  statistically  significant.-' 

Ayres  et  al^*  conducted  a  randomized,  double-blind,  multi- 
center,  parallel  group  comparison  of  the  efficacy  and  safety 
of  FP  and  BUD  in  67 1  patients  who  were  already  receiving 
0.8  to  2.0  mg  of  inhaled  corticosteroid  daily  to  control  the  symp- 
toms of  severe  asthma.  During  a  2-week  run-in  period,  patients 
received  a  constant  dose  of  their  usual  inhaled  corticosteroid. 
After  completion  of  run-in,  use  of  the  patient's  usual  corti- 
costeroid was  suspended  and  patients  were  randomly  assigned 
to  receive  either  FP  ( 1  mg  or  2  mg  daily)  or  BUD  (1 .6  mg 
daily),  all  delivered  by  MDI.  All  treatments  were  continued 
for  6  weeks.  Over  this  period,  patients  recorded  PEFR  and 
biDUchodilator  use  daily.  During  clinic  visits  (at  the  end  of 
run-in,  after  3  and  6  weeks  of  treatment,  and  2  weeks  after 
completion  of  the  study),  a  physician  measured  PEFR.  FEV|. 
and  FVC.  Morning  plasma  samples  were  also  taken  at  each 
clinic  visit  and  analyzed  for  corticosteroids.  All  treatments 
with  inhaled  corticosteroids  resulted  in  improved  lung  func- 
tion, but  those  patients  receiving  FP  at  cither  dose  showed  sig- 
nificantly greater  improvement  of  PEFR.  FEV],  and  FVC  than 
patients  receiving  BUD.  Serum  plasma  Cortisol  values  remained 
within  normal  limits  in  all  three  treatment  groups.  Based  on 
these  findings,  the  authors  concluded  that  FP  is  more  effec- 
tive for  treating  severe  asthma  than  BUD.-'^ 

Bakke  el  al-''  conducted  a  randomized,  double-blind  study 
to  compaic  the  efficacy  and  safety  of  inhaled  FP  (2  mg/day) 
and  BDP  (1.6  mg/day)  in  the  treatment  of  moderate-to-severe 
asthma.  The  study  was  conducted  in  134  adult  asthmatics 


who  were  taking  0.2  to  1 .6  mg/day  BDP  or  BUD  to  control 
the  symptoms  of  asthma  and  whose  mean  FEVi  was  63% 
of  the  predicted  value.  Over  the  3-month  treatment  period, 
subjects  recorded  PEFR  daily.  PEFR,  FEVi.  and  FVC  were 
measured  during  clinic  visits  after  0.  4.  and  12  weeks  of  treat- 
ment and  after  a  1  -month  follow-up  period.  Morning  plasma 
Cortisol  and  ACTH  were  measured  at  2-  to  4-week  intervals 
over  the  course  of  the  study.  Over  the  treatment  period.  PEFR 
increased  significantly  to  the  same  extent  with  both  corti- 
costeroid treatments.  Treatment  with  FP  resulted  in  significant 
reductions  of  both  plasma  Cortisol  and  ACTH  levels:  how- 
ever, this  effect  was  not  seen  during  treatment  with  BDP. 
The  authors  concluded  that  although  FP  and  BDP  have  sim- 
ilar efficacy.  FP  may  pose  a  larger  risk  to  the  HPA-axis  func- 
tion than  BDP.-" 

Conclusions 

Although  clinical  trial  results  consistently  suggest  that  FP 
achieves  effects  comparable  to  roughly  twice  the  dosage  of 
BDP  on  a  microgram  basis,  there  appears  to  be  little  differ- 
ence in  the  two  drugs  in  terms  of  the  maximum  degree  of 
improvement  of  asthma  symptoms  achieved.-"-'-'  Addi- 
tionally, at  least  one  study  has  suggested  that  treatment  with 
FP  results  in  faster  improvement  of  PEFR  than  is  seen  dur- 
ing treatment  with  BDP.-*  However,  because  this  study  used 
equal  daily  do.ses  of  both  corticosteroids,  the  faster  improve- 
ment in  PEFR  noted  during  treatment  with  FP  may  simply 
reflect  the  greater  potency  of  this  drug  per  unit  weight. 

Use  of  either  FP  or  BDP  in  dosages  >  1  mg/day  has  re- 
sulted in  symptoms  of  HPA-axis  suppression  in  the  major- 
ity of  comparative  studies.--'-*-'*  It  is  interesting  to  note  that 
inhaled  FP  has  also  been  shown  to  cause  HPA-axis  sup- 
pression in  much  smaller  doses  (as  low  as  0.25  mg/day )  in 
healthy  subjects."  '"  In  each  of  these  studies,  plasma  Cor- 
tisol was  measured  as  the  area  under  the  concentration  ver- 
sus time  curve  or  in  response  to  stimulation.  This  observa- 
tion suggests  that  the  method  of  testing  HPA-axis  suppression 
may  be  as  important  a  determinant  of  the  results  of  these 
experiments  as  the  fact  that  the  subjects  were  not  asthmatic. 
In  one  of  these  studies.  FP  up  to  2  mg/day  had  no  effect  on 
morning  plasma  Cortisol  levels,  but  resulted  in  significant 
depression  of  tetracosactrin-stimulated  Cortisol  release,  a  result 
that  clearly  suggests  that  stimulated  Cortisol  release  may  be 
a  more  sensitive  index  of  HPA-axis  suppression  than  a  sin- 
gle plasma  Cortisol  measurement."^ 

Finally,  it  should  be  kept  in  mind  thai  \  irtually  all  of  the 
published  clinical  studies  of  FP  to  date  have  employed  the 
109r  lecithin  fomiulation  of  the  drug.  Introduction  of  the  new 
I  %  lecithin  formulation  of  FP.  which  has  a  higher  bioavail- 
ability than  the  old  formulation.''^"'  may  necessitate  a  new 
series  of  clinical  trials  of  FP  to  determine  what  dose  range  of 
this  drug  can  be  used  without  undue  risk  of  adverse  side  effects, 
particularly  HPA-axis  suppression. 
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Response  to  (Jraphics  Corner 
Makes  NVaves? 

Thiuik  you  for  yotir  letter'  concerning  the 
case  study  "A  Patient  in  Status  Asthmatics: 
What  Does  the  Wavetomi  Confirm '.'"  in  the 
Gniph'us  Corner.  March  1997.  The  tltjw 
tracings  from  A  and  B  Part  2  do  not  reflect 
the  llou  ch;mges  to  KX)  IVmin  luid  120  I7niin 
that  were  made  on  the  mechanical  ventila- 
tor. We  are  not  sure  why  this  change  did  not 
show  on  the  graphs.  Frankly,  we  did  not  coin- 
pare  the  flow  value  on  the  Bicore  Monitoring 
device  to  the  values  on  the  ventilator.  We 
adjusted  the  flow  until  the  expiratory  flow 
and  volume  tracing  reached  baseline  before 
the  next  breath.  At  this  point,  the  ventilator 
peak  flow  was  set  to  120  LVmin.  Tlie  values 
were  taken  from  the  ventilator  as  the  change 
was  made  to  compare  them  to  waveform 
changes.  We  recommend  making  adjust- 
ments to  the  ventilator  with  the  use  of  a 
graphics  monitor. 

The  esophageal  waveform  rises  during 
the  expiratory  phase  of  tlie  respiratory  cycle. 
The  patient  did  exhale  actively  while  on  the 
ventilator  in  spite  of  sedatives  administered. 
We  feh  that  positive  intrathoracic  pressure 
from  active  exhalation  and  extrinsic  posi- 
tive end-expiratory  pressure  (PEEP)  of  10 


cm  H:0  did  contribute  to  the  rise  in  esoph- 
ageal pressure.  We  were  unable  to  get  an 
accurate  auto-PEEP  value  using  the  end-ex- 
piratory occlusion  method.-  We  did  get  auto- 
PEEP  values  from  the  Bicore  Monitoring 
device  as  ch;uiges  were  made,  and  these  lluc- 
tuated  between  0-3  cm  H2O.  Because  of  the 
way  the  patient  was  breathing,  we  believe 
these  were  not  accurate  and  did  not  include 
them  in  the  case  presentation.  Consequentlv . 
it  would  be  more  accurate  to  say  that  as  a 
result  of  change  in  flow  and  expiratory  time 
PEEP,  was  reduced  but  not  abolished.' 

1  agree  it  wiiuld  have  been  interesting  to 
see  the  change  in  the  esophageal  waveform 
with  the  reduction  or  elimination  of  extrin- 
sic PEEP.  We  did  not  reduce  or  eliminate 
the  PEEP  because  (and  this  is  not  a  cop  out) 
the  physician  wanted  it  left  at  10  cm  HiO. 
We  then  adjusted  flow  to  alter  expiratory 
time.  Once  we  achieved  a  higher  flow,  we 
kept  the  PEEP  at  10  cin  H2O  because  of 
the  ptissible  increase  in  Paco;  and  reduction 
in  Pa,.):.-'-" 

Robert  Harwood  MSA  RRT 

Assistant  Professor 

Cardiopulmonary  Care  Sciences 

Georgia  State  University 

Atlanta,  Georgia 
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Classic  Reprints 


Retrospectroscope  Redux: 


Man-Cans 


Because  the  sarcophagus  of  King  Tutankhamen,  among 
other  objects  of  his  burial  place,  is  now  on  a  2-year  grand  tour 
of  our  cities,  it  seems  appropriate  this  year  to  write  about  the 
uses  of  the  sarcophagus  (with  a  live  patient  inside)  in  diag- 
nosing and  treating  pulmonary  and  respiratory  disorders. 

Measuring  Tidal  Volume: 
From  Hogshead  to  Body  Box 

I  don"t  know  who  was  the  first  to  put  a  man  (or  most  of 
him)  in  a  closed  container  for  biomedical  puiposes.  Friends 
have  sent  me  copies  of  Menzies's  illustration  of  a  man  in  a 
hogshead  (from  his  1 790 dissertation,  De  Respirationie[\  ] ). 
He  used  his  hogshead  mainly  to  measure  tidal  volume  of  breath- 
ing by  immersing  all  of  the  subject  up  to  his  neck  in  the  water- 
filled  barrel,  sealing  a  wider  collar  onto  the  rim  of  the  open- 
ing around  the  subject's  neck,  and  measuring  the  rise  of  water 
out  of  the  barrel  into  the  collar  and  back  into  the  barrel,  as  the 
inmate  expanded  his  thorax  on  each  inspiration  and  contracted 
it  during  expiration  (figure  1 1. 

It  was  a  rather  wet  and  cumbersome  way  of  measuring  tidal 
volume  and  it  went  into  obscurity  when  John  Hutchinson  in 
1 846  (2)  devised  a  well-balanced  spirometer  for  measuring 
vital  capacity  and  its  subdivisions,  including  tidal  volume.  Yet 
there  remained  a  need  for  measuring  tidal  volume  without  clip- 
ping the  patient's  nose  and  inserting  an  uncomfortable  mouth- 
piece, and  Menzies's  method  reappeared  with  the  hogshead 
(or  more  elegant  equivalents)  now  filled  with  air  instead  of 
water:  the  quantity  of  air  moving  in  and  out  of  the  body  cham- 
ber during  expiration  and  inspiration  was  easy  to  measure  it 
one  had  a  Hutchinson,  or  later  a  Krogh-type,  air-tilled  spirom- 
eter, arranged  to  write  on  a  rotating  drum. 

This  method  served  several  purposes.  It  enabled  physi- 
ologists to  record  patterns  of  respiration  of  healthy  subjects 
encumbered  witli  notliing  inore  than  a  rubber  diaphragm  around 
the  neck.  And  it  enabled  clinicians,  such  as  Binger  and  Davis 


Reprinted  wiUi  nemiission  of  the  American  Lung  Association,  from  .\m 
Rev  RespirDis  1477:1 16(.S):945-950. 


Fig.  1.  Menzies's  tidal  volume  recorder  (1790).  The  subject  is  placed 
in  the  hogshead  (A,  B,  C,  D)  and  a  cylindrical  ring  (E,  F)  is  attached 
to  the  top  of  the  hogshead.  The  barrel  is  filled  with  water  so  that  it  is 
visible  in  ring  (E.  F).  With  a  deep  inspiration,  expansion  of  the  thorax 
displaces  water  from  the  barrel  into  the  ring.  By  calibrating  the  space 
between  the  subiect's  neck  and  the  ring,  the  volume  of  water  dis- 
placed upward  during  inspiration  can  be  measured. 


in  1928.  to  measure  respiration  in  patients  with  pneumonia, 
too  ill  to  use  a  mouthpiece  {?>).  or  m  patients  with  poliomyeli- 
tis in  an  iron  lung,  as  Drinker  and  Shaw  did  in  1929  by  momen- 
tarily stopping  the  respirator  and  opening  a  tap  connecting 
the  tank  to  a  recording  spirometer  (4).  And  Cross  devised  an 
ingenious  method  for  studying  respiration  in  newborn  babies 
(5):  he  did  away  with  the  rubber  collar  around  the  neck  and 
fashioned  an  air-filled  oval  cut  f  that  made  a  comfortable  air- 
tight seal  against  the  bony  parts  of  the  baby's  mandible,  facial 
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bones,  and  forehead,  so  comfortable  that  babies  slept  a  nor- 
mal sleep  in  the  plethysmograph  w  ith  only  their  eyes.  nose, 
and  mouth  outside  (figure  2). 


Fig.  2.  Diagrammatic  longitudinal  section  through  Cross's  plethys- 
mograph with  a  baby  in  position  and  the  seals  In  place.  In  Eng- 
land, the  baby  would  normally  be  wearing  clothes  and  be  covered 
with  a  blanket. 


The  Barospirator 

In  1926.  Thunberg.  professor  of  physiology  at  the  University 
of  Lund,  created  a  device  that  could  arterialize  a  man's  mixed 
venous  blood  without  motion  of  the  man's  thora.x  and  lungs. 
Thunberg  called  it  the  i>«rospirator  because  it  worked  by  pro- 
ducing cyclic  pressure  changes,  not  just  in  the  trachea  and 
airways,  but  around  the  entire  man — both  his  outside  and 
insides  (6).  To  accomplish  this,  the  whole  man.  including  head 
and  neck,  had  to  be  enclosed  in  an  airtight  metal  chamber.  Then 
the  pressure  was  cycled  from  1  atmosphere  to  the  1  1/6  atmo- 
spheres and  back  to  1  atmosphere,  over  and  over  again  at  the 
nomial  rate  of  the  subject's  respiration.  If  the  volume  of  alve- 
olar gas  in  the  lungs  at  1  atmosphere  was  3000  niL.  the  vol- 
ume stayed  at  3000  niL  when  the  pressure  in  the  chamber  rose 
to  1  1/6  atmospheres  (because  the  pressure  was  now  1  1/6  atmo- 
spheres both  on  the  outside  of  the  thorax  and  in  the  alveolar 
spaces)  but  the  number  of  molecules  of  O-  and  N-  in  the  alve- 
oli was  increased  by  1/6.  In  short,  the  3000  mL  of  alveolar 
gas  now  contained  the  equivalent  of  3500  mL  of  air.  of  which 
500  mL  was  fresh  air. 

Thunberg  proposed  the  alternating  pressure  sarcophagus 
as  a  means  of  providing  an  iipneic  patient  with  artificial  ven- 
tilation, and  in  1930.  Wachenfeldt  used  a  scaled-down  Thun- 
berg barospirator  to  keep  alive  newborn  babies  who  had  no 
or  inadequate  ventilation  (7).  But  the  barospirator  had  a  short 
life  because  the  famous  Drinker  (or  Drinker-Shaw;  or  Diinker- 
Murphy)  respirator,  or  "iron  lung."  came  along  three  years 
later  and  its  constmction  and  operation  posed  fewer  mechan- 
ical and  clinical  problems  (4).  More  of  it  later.  But  Tliunberg's 
barospirator  was  not  the  end  of  high  pressure  chambers. 


The  Bloxsom  Air  Lock 

In  1950,  Bloxsom  began  to  use  "a  new  method  and  means 
of  resuscitation  and  oxygenation  of  the  asphyxiated  and  new- 
bom  baby"  (8).  He  then  presented  his  reasoning: 

The  theory  upon  which  the  method  is  based  is  that 
resuscitation  of  the  asphyxiated  newborn  infant  is  man- 
aged best  by  continuing  in  as  far  as  possible  the  mechan- 
ics of  labor.  It  is  my  belief  that  labor  serves  a  twofold 
purpose.  The  obvious  purpose  is  the  delivery  of  the 
infant.  The  second  purpose,  and  I  believe  as  important 
as  the  first  purpose,  is  the  conditioning  of  the  infant 
to  promptly  initiate  his  respirations. 

Briefly,  the  mechanism  of  my  method  in  follow- 
ing that  of  labor  is  to  provide  the  infant  w  ith  heat, 
humidity,  lack  of  handling,  and  oxygen  and  carbon 
dioxide  pressure  gradients  for  the  favorable  handling 
of  those  gases.  In  addition  the  expansion  of  gases  is 
utilized  for  the  expression  of  tluids  and  secretions  in 
the  pulmonary  tree. 

Like  Thunberg.  he  placed  the  entire  patient  in  an  airtight 
chamber  and.  like  Thunberg.  he  cycled  pressure  between  0.07 
and  0.2  atmospheres  above  sea  level.  (Thunberg  used  pres- 
sures between  sea  level  and  0. 1 7  atmospheres  above  sea  level.) 
The  main  difference  was  that  Thunberg  used  a  frequency  of 
cycling  similar  to  that  of  normal  respiration  whereas  Blox- 
som used  a  frequency  of  cycling  close  to  that  of  the  mother's 
labor  pains  during  delivery,  about  1  per  minute. 

The  Bloxsom  method,  even  using  60  percent  CK.  must  have 
been  inadequate  for  proper  oxygenation  and  removal  of  CO2 
in  newborn  infants,  and  is  no  longer  used.  Perhaps  his  infants 
were  soon  breathing  spontaneously  and  not  in  need  of  addi- 
tional pulmonary  ventilation.  Or  perhaps  this  is  another  instance 
of  "premaaire  discovery"  and  the  real  significance  of  continuing 
to  exert  uterine-like  pressures  on  a  newborn  baby  is  beyond 
us.  I  can  at  the  moment  agree  w  ith  only  one  of  the  advantages 
of  his  air-lock,  as  listed  in  Bloxsom's  summary: 

The  placing  of  an  infant  in  a  positive  pressure  oxy- 
gen air  lock  for  resuscitation  eliminates  the  possi- 
bility of  danger  from  perforation  of  the  lungs  and 
intestines  seen  in  a  few  attempts  with  vigorous  man- 
ual resuscitation. 


The  Equalizing,  Alternating  Pressure  Chamber 

Bloxsom  didn't  refer  to  Thunberg  in  his  air-lock  paper. 
But  Barach  got  his  idea  of  immobilizing  lungs  from  Thun- 
berg and  gives  him  full  credit  for  it.  Barach,  a  clinician  and 
physiologist  with  a  lifetime  interest  in  the  diagnosis  and  treat- 
ment of  pulmonar>'  disease,  had  an  idea  for  improving  the 
treatment  of  pulmonary  tuberculosis  in  the  early  19-K)s,  when 
specific  chemotherapy  was  still  5  or  6  years  ahead.  Physi- 
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cians  then  treated  the  tuberculous  patient  with  rest.  It  was  a 
reasonable  idea.  .Skin  and  muscle  wounds  healed  faster  if  not 
subjected  to  frequent  yanking  and  pulling;  why  shouldn't  the 
lesions  of  pulmonary  tuberculosis  behave  similarly?  Some 
tuberculosis  physicians  carried  the  idea  to  the  point  of  col- 
lapsing the  lung  by  pneunuUhora.x  or,  if  adhesions  prevented 
collapse,  by  collapsing  the  rib  cage  surgically  (thoracoplasty). 
Most  patients,  however,  were  treated  conservatively,  with  rest. 
Rest  was  belter  than  exercise,  and  euforced  strict  bed  rest  was 
better  than  a  little  rest — on  the  theory  that  the  lower  the  require- 
ments of  the  body  for  ventilation,  the  less  frequent  and  less 
extensive  would  be  motion  of  the  lungs  and  the  better  the 
chance  for  healing. 

Barach  went  bed  rest  one  better.  He  asked:  Why  not  stop 
the  patient's  breathing  altogether'.'  Thunberg's  apparatus  al- 
most did  the  trick — by  simultaneously  compressing  the  out- 
side and  inside  of  the  lungs.  Barach  tried  the  Thunberg  cham- 
ber, but  soon  noted  that  thoracic  movements  didn't  stop 
completely.  Barach  then  did  some  animal  experiments  that 
showed  him  why.  When  the  head  and  body  were  enclosed  in 
a  single  airtight  chamber  and  the  pressure  raised  from  I  atmo- 
sphere (sea  level)  to  1  1/6  atmospheres,  the  increased  pres- 
sure hit  the  outside  of  the  thorax  with  no  delay  or  attenuation, 
but  the  same  wave  going  to  the  alveoli  over  the  nose-mouth- 
pharynx-larynx-trachea-bronchi-bronchiole  route  was  delayed 
and  diminished  by  resistance  to  airflow  through  the  upper  and 
lower  airways.  If  the  airway  resistance  was  abnormally  high, 
the  asynchrony  was  even  greater.  Barach's  experiments  also 
showed  him  how  to  equalize  the  pressures  reaching  the  alve- 
oli by  the  transthoracic  and  transairway  routes — by  subjecting 
the  pressure  wave  hitting  the  thorax  to  a  resistance  similar 
to  the  airway  resistance.  This  meant  dividing  Thunberg's  cham- 
ber into  two;  a  head  chamber  and  a  body  chamber — sepiirated 
by  a  rigid  collar  aiound  the  patient's  neck.  The  collar  had  some 
holes  drilled  through  it  so  that  the  openings  between  the  head 
and  body  chambers  could  be  varied  in  number  ;uid  luea.  Barach 
then  applied  the  alternating  pressure  waves  to  the  head  chum- 
ber  and  when  he  properly  adjusted  the  openings  to  the  body 
chamber,  the  pressure  wave  hitting  the  thorax  and  abdomen 
matched  that  reaching  the  alveoli  moment  by  moment. 

He  named  his  new  device  the  "equalizing  alternating  pres- 
sure chamber"  or  "lung  immobilization  chamber"  (9).  Patients 
placed  in  it  had  no  discernible  respiratory  movements  for  as 
long  as  three  hours.*  By  1940,  he  had  reported  on  five  patients 
w  ilh  advanceil  tuberculosis  whose  average  resilience  in  a  cham- 
ber was  12  hours  per  tiay  for  }  1/2  months.  The  only  diffi- 


*1  don't  know  win  lliese  patients  made  no  respiratory  movements.  Were 
they  ovcrventilated  so  that  there  was  no  chemieal  stimulus  to  breathing? 
Or  did  continuous  alveolar  innation  inhibit  the  respiratory  centers,  even 
though  the  Hering-Brctier  reflex  is  weak  in  unanestheti/ed  man  (10)'.'  II 
someone  can  lind  one  of  Barach's  chambers,  it  would  he  interesting  to 
see  if  he  could  fiml  the  answer. 


culty  was  that  there  was  no  sure  way  to  equalize  the  air  pres- 
sure in  the  patient's  iniddle  ear  when  pressure  waves  hit  the 
external  auditory  canal  and  the  Eustachian  tubes  25  times  per 
minute;  some  drums  took  quite  a  beating. 

At  just  about  this  time,  it  was  becoming  possible  to  treat 
pneumococci  pneumonia  by  a  very  elaborate  and  costly  pro- 
gram of  typing  pneumococci  and  then  producing  in  horses 
type-specific  antipneumococcic  serum  that  could  be  used  to 
coTubat  pneumonia  in  man.  Just  as  this  expensive  program 
was  getting  underway,  it  was  made  obsolete  by  the  clinical 
use  of  sulfapyridine  (1938)  and  of  penicillin  ( 1941 );  an  in- 
expensive pill  wiped  out  a  huge  program  to  produce  antis- 
era.  Barach's  immobilization  chamber  suffered  the  same  fate. 
Streptomycin  and  para-aminosalicyclic  acid  became  avail- 
able in  1945-46  and  the  need  for  lung  immobilization  van- 
ished. The  next  section  tells  of  the  "iron  lung,"  devised  in  1929; 
ironically  it  too  was  wiped  out  in  1 96 1  by  a  25C  sugar  cube 
with  oral  polio  vaccine  in  it;  in  the  32  years  between,  how- 
ever, it  saved  many  lives. 

The  Iron  Lung 

In  1885.  Ketchum  developed  an  airtight  box  in  which  the 
patient  could  be  placed  sitting  or  supine  (11).  The  patient 
breathed  air  from  outside  the  box  through  a  flexible  tube  con- 
nected to  a  mask  strapped  over  the  patient's  face.  The  air  in 
the  box  around  the  patient  was  rarefied  or  compressed  when 
the  operator,  outside  the  box,  pulled  out  or  pushed  in  a  large 
rubber  membrane  that  covered  an  opening  in  tlie  lx)x.  Williiuiis, 
writing  in  Albutt  and  Rolleston's  Sysleni  of  Medicine  in  1909 
( I  la),  implied  that  Ketchum's  box  was  used  largely  for  res- 
piratory gymnastics,  but  Fisher,  writing  in  Glasser's  Medi- 
cal Fliysics  (12).  listed  it  under  "Mechanical  Methcxls  of  Resu.s- 
citation."  In  1889,  Doe  resuscitated  infants  by  alternately 
sucking  from  and  blowing  into  a  small  box  in  which  the  baby 
was  placed;  the  baby  was  held  in  such  a  way  that  its  nose  and 
mouth  fitted  through  a  hole  in  a  sniall  sheet  of  rubber  dam, 
and  so  were  outside  the  box  (13).  Tlien  Steuitrt,  in  1918,  demon- 
strated a  mechanically  operated  device  for  artificially  ven- 
tilating children  with  poliomyelitis  (14);  he  placed  the  head 
outside  and  the  rest  of  the  child  within  the  box  and  mo\  ed  a 
large  bellows  back  and  forth  to  cause  decrease  and  increase 
in  pressure  in  the  box. 

But  the  Iron  Lung  never  became  widely  used  until  Philip 
Drinker  ( brother  of  Cecil  Drinker,  of  pulmonary  edema  fame) 
and  his  associate,  l,ouis  Shaw,  constructed  a  portable  iron 
chamber  designed  for  prolonged  use  (4).  The  patient's  head 
was  outside  the  chamber.  The  lid  that  sealed  the  head  end  of 
the  chamber  had  a  hole  large  enough  for  the  patient's  head 
to  slip  through  and  a  rubber  collar  w  ith  a  hole  large  enough 
to  fit  snugly,  but  not  too  tightly,  about  the  patient's  neck.  As 
an  illustnition  of  a  good  engineer  at  work.  Philip  Drinker  deter- 
mined the  proper  sizes  for  holes  in  the  rubber  collar  by  get- 
ting a  huge  mass  of  data  on  neck  sizes  from  Cluett  Peabody 
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Company,  makers  of  An-ow  collars,  and  the  hole  sizes  for  the 
aperture  for  the  patient's  head  from  data  supplied  by  the  Kno\ 
Hat  Company.  Drinker  and  Shaw  also  built  an  iron  lung  for 
infants;  because  neither  the  collar  nor  hat  companies  could 
help  in  this  case,  they  collected  their  own  data. 

The  Drinker  respirator  in  a  variety  of  models  and  modi- 
fications was  "old  reliable"  for  three  decades;  it  reached  its 
peak  of  usefulness  in  the  last  great  polio  epidemics  in  the  eaily 
1950s.  It  is  too  well  known  to  describe  further,  but  in  reread- 
ing the  Drinker-Shaw  paper  of  1929, 1  came  across  a  few  mat- 
ters that  I  had  forgotten  and  maybe  you  have,  too.  One  is  that 
their  research  and  development  was  supported  by  the  Con- 
solidated Gas  Company  of  New  York,  to  develop  a  way  of 
treating  respiratory  failure  from  caibon  monoxide  poisoning. 
The  public  utilities  coinpanies  in  the  1920s  obviously  recognized 
an  obligation  to  support  research  in  both  respiratory  and  car- 
diac resuscitation.  It  was  at  about  the  same  time  that  the  Consol- 
idated Edison  Company  of  New  York  City,  with  advice  from 
the  Rockefeller  Institute,  gave  grants  through  the  Edison  Elec- 
tric Institute  of  New  York  to  Johns  Hopkins  and  Columbia 
Universities  for  basic  work  on  ventricular  fibrillation;  this  work 
eventually  led  to  the  development  of  an  electrical  defibrillator 
and  to  manual  closed  chest  cardiac  resuscitation. 

Something  else  of  interest  in  the  1929  Drinker-Shaw  papei' 
was  a  clear  statement  of  the  inadequacies  of  the  Schiifer  pione- 
pressure  method  of  the  manual  artificial  ventilation,  in  use 
since  1904  ( 14a).  Drinker  and  Shaw  wrote: 

The  obvious  defect  in  this  method  lies  in  the  fact 
that  the  chest  is  never  inflated;  it  is  only  deflated  and 
then  allowed  to  return  to  the  normal  position  through 
its  inherent  ela,sticity.  This  process  is  in  the  reverse  direc- 
tion to  that  which  is  normal  and  If.  for  any  reason,  the 
tone  of  the  respiratory  muscles  becomes  impaired,  the 
chest  will  refuse  to  return  to  the  normal  position,  thereby 
creating  a  situation  in  which  adequate  ventilation  is  ren- 
dered impossible. 

It  is  startling  to  read  this  and  realize  that  little  or  nothing  was 
done  for  another  20-25  years  to  supplant  the  Schiifer  method 
with  a  better  one. 

The  Pneumonometer 


enclosed  air,  he  halved  its  volume  (figure  3).  In  other  exper- 
iments, he  decreased  the  height  of  the  mercury  column  in  the 
long  leg  and  noted  that  the  predicted  increase  occurred  in  the 
volume  of  gas  in  the  short  leg.  These  experiments  "on  the  mea- 
sure of  the  force  of  the  spring  of  air  compressed  and  dilated" 
gave  us  Boyle"s  law.  P|  V|  =  PiV;;  where  P  and  V  are  pres- 
sure and  volume,  respectively,  and  the  subscripts  1  and  2  refer 
to  the  initial  and  final  values  for  each.  Incidentally.  Boyle  noted 
that  this  relationship  was  true  only  when  the  temperature 
remained  the  same. 
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AA.  The  number  of  equal 
fpaces  in  the  Ihorter  leg,  that 
contained  the  la,ne  parcel  of 
air  diverfly  extended. 

B.  The  height  of  the  mercu- 
rial cylinder  in  the  longer 
leg,  that  co.tipreflcd  the  air 
into  thofc  dimenfions. 

C.  The  height  of  the  mercu- 
rial cylinder,  that  counter- 
balanced the  prelTure  oi  the 
atmofphere. 

D.  The  aggregate  of  the  two 
lafl  columns  B  andC,  exhi- 
biting the  preflure  fuftain- 
ed  by  the  included  air. 

E.  What  that  preffure  Ihould 
be  acconiing  to  the  hypo- 
thefis,  that  fuppofes  the 
prcfliires  and  expanftons  to 
t>e  in  reciprocal  propor- 
tion. 


Fig.  3.  Boyle's  table  of  data  showing  compression  of  air  (cfiange  In 
columns  AA)  wfien  the  column  of  mercury  pressing  on  It  Is 
Increased  (column  B  plus  column  C).  Note  that  as  pressure  rises 
from  35  5/16  to  70  11/16  units  in  column  D,  the  air  In  column  A  Is 
compressed  from  40  units  to  20  units.  Boyle  made  an  error  In  his 
column  C;  22  1/8  Inches  should  read  29  1/8  inches,  which  was  the 
pressure  of  the  ambient  air  pressing  down  on  the  mercury  In  the 
open  tube. 


Pfliiger  usually  gets  the  credit  for  being  the  first  to  apply 
Boyle's  law  to  measure  residual  volume  of  the  lung  (15). 
although  Gad.  using  a  somewhat  different  method,  did  it  a 
year  earlier  ( 16). 

First,  a  few  words  about  Robert  Boyle  antl  one  of  his  famous 
experiments  (17).  In  1669,  Boyle  poured  quicksilver  into  the 
open  long  leg  of  a  U-tube  and  allowed  it  to  compress  air  in 
the  short  leg  (which  was  closed  at  the  top).  He  found  that  when 
he  doubled  the  pressure  (the  height  of  the  barometer /j/((.v  the 
height  of  the  added  column  of  mercury)  pushing  on  the 


Without  saying  so,  we've  already  described  methods  that 
make  use  of  Boyle's  law.  such  as  Thunberg's  barospirator  and 
Biuach's  lung  immobilization  appiuatus.  How  did  Pfliiger  make 
use  of  Boyle's  work?  He  constructed  a  metal  cylinder  large 
enough  to  hold  a  man.  He  called  it  a  "menschendose".  My 
German  dictionary  says  that  "do.se"  in  German  means  either 
"box"  or  "can"  in  English.  When  my  German  research  fel- 
low. Dr.  Hans  Hahn.  with  an  ear  for  euphony  and  an  eye  on 
posterity,  translated  Ptliiger's  article  for  me.  "menschendose" 
became  "man-can"  instead  of  "man-box". 
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What  Pfliiger  did  was  to  have  his  subject  expire  fully  to 
his  residual  volume.  Ptiuger  then  suddenly  decompressed 
the  contents  of  the  can — both  the  air  around  the  man  and  that 
in  his  alveoli.  This  maneuver  expanded  the  alveolar  gas,  and 
since  the  subject  kept  his  chest  in  full  expiration,  the  addi- 
tional volume  of  gas  (due  to  expansion)  had  to  leave  the  lungs 
and  could  be  collected  in  a  spirometer  connected  to  the  sub- 
ject's mouth  (the  nose  was  clipped).  Knowing  the  initial  alve- 
olar pressure,  its  new  (lower)  pressure  and  the  volume  of 
gas  that  had  to  leave  the  lung  when  the  thorax  was  kept  at 
its  minimal  volume.  Ptiuger  could  compute  the  original  vol- 
ume of  gas  in  the  lungs.  He  reported  values  of  400-800  mL 
for  residual  gas  volume  in  adult  man.  Pfliiger  seems  not  to 
have  stuck  to  his  method  long  enough  to  refine  it  and  obtain 
its  acceptance.  Others  took  a  tling  at  the  use  of  Boyle" s  law 
in  the  next  50  years  to  measure  residual  gas  volume,  but 
Christie  put  them  all  to  rest  in  1932  when  he  presented  his 
new  O2  dilution  technic  and  reviewed  older  methods.  Christie 
wrote  (18): 

MtKlitlcations  of  this  [body  box]  method  have  been 
described  by  Neupaur(1879),  Kochs  (1884),  Schenck 
( 1 894,  1 895 ).  Bass  ( 1 925 )  and  Wolf  ( 1 928 ),  which  give 
figures  for  the  residual  air  nuiging  from  400  cc.  to  19,800 
cc.  Bass  . . .  dcx:s  not  den>  the  discaiding  of  results  which 
show  any  marked  deviation  from  the  mean.  From  the 
context  of  his  paper  and  results  given,  we  suspect  this 
to  be  the  case. 

The  fallacies  and  drawbacks  of  tlie  method  ;ire  obvi- 
ous. As  Schenck  (1894)  has  shown,  and  as  we  would 
expect,  the  gases  in  the  gastro-intestinal  tract  are  mea- 
sured with  the  residual  air.  Also,  the  slightest  leak 
around  the  mouthpiece,  while  the  subject  is  making 
the  expiratory  effort,  would  not  be  show n  on  the  trac- 
ings and  yet  would  completely  vitiate  the  results.  The 
apparatus  is  cumbersome  and  its  management  full  of 
technical  difficulties,  while  more  cooperation  is  de- 
manded of  the  subject  than  can  be  given  by  even  the 
most  healthy  individuals. 


Anyone  reading  Christie's  critical  analysis  would  certainly 
agree  that  any  method  that  is  so  cumbersome,  so  full  of  tech- 
nical difficulties,  too  difficult  for  even  the  healthiest  individual 
to  manage,  and  one  that  yields  values  for  residual  volume  as 
high  as  19,800  ml.  deserves  to  die  and  never  be  resurrectedl 

But  resurrected  it  was. 


(To  be  concluded  in  the  December  1997  issue.) 

Julius  H.  Coniroe.  Jr. 
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before  publication.  Each  accepted  manuscript  is  copyedited  so  that 
its  message  is  clear  and  it  conforms  to  the  Journal's  style.  Published 
papers  are  copyrighted  by  Daedalus  Inc  and  may  not  be  published 
elsewhere  without  permission. 
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40  published  research  articles. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has 
been  critically  reviewed  in  this  Journal  or  elsewhere. 


Point-of-View  Paper:  A  paper  expressing  personal  but  substanti- 
ated opinions  on  a  pertinent  topic.  Title  Page.  Text,  Refensnces.  Tables, 
and  Illustrations  may  be  included. 

Special  Article:  A  pertinent  paper  not  fitting  one  of  the  foregoing 
categories  may  be  acceptable  as  a  Special  Article.  Consult  with  the 
Editor  before  writing  or  submitting  such  a  paper. 

Editorial:  A  paper  drawing  attention  to  a  pertinent  concern;  it  may 
present  an  opposing  opinion,  clarify  a  position,  or  bring  a  problem 
into  focus. 

Letter:  A  signed  communication,  marked  "For  publication," 
about  prior  publications  in  this  Journal  or  about  other  pertinent  top- 
ics. Tables  and  illustrations  may  be  included. 

Blood  Gas  Corner:  A  brief,  instructive  case  report  involving  blood 

gas  values — with  Questions,  Answers,  and  Discussion, 

Drug  Capsule:  A  mini-review  paper  about  a  drug  or  class  of  drugs 
that  includes  discussions  of  pharmacology,  pharmacokinetics, 
and  pharmacotherapy. 

Graphics  Corner:  A  briefcase  report  incorporating  waveforms  for 
monitoring  or  diagnosis — with  Questions.  Answers,  and  Discussion. 

Kittredge's  Comer:  A  brief  description  of  the  operation  of  respiratory 
care  equipment — with  infonnation  from  manufacturers  and  edito- 
rial comments  and  suggestions. 

PFT  Corner:  Like  Blood  Gas  Corner,  but  involving  pulmonary 
function  tests. 

Cardiorespiratory  Interactions.  A  case  report  demonstrating  the 
interaction  between  the  cardiovascular  and  respiratory  systems.  It 
should  be  a  patient-care  scenario;  however,  the  case — the  central 
theme — is  the  systems  interaction.  CRI  is  characterized  by  figures, 
equations,  and  a  glossary.  See  the  March  1996  Issue  of  RESPIRA- 
TORY Care  for  more  detail. 

Test  Your  Radiologic  Skill:  Like  Blood  Gas  Corner,  but  involv- 
ing pulmonary  medicine  radiography  and  including  one  or  more  radio- 
graphs; may  involve  imaging  techniques  other  than  conventional 
chest  radiography. 

Review  of  Book,  Film.  Tape,  or  Software:  A  balanced,  critical 
review  of  a  recent  release. 

Preparing  the  Manuscript 

Print  on  one  side  of  white  bond  paper,  S.5  in.  \  11  in.  ( 2 1 6  x  279  mm) 
with  margins  of  at  least  1  in.  (25  mm)  on  all  sides  of  the  page.  Use 
double-spacing  throughout  the  entire  manuscript.  Use  a  stantiard 
font  (eg.  Times,  Helvetica,  or  Courier)  at  least  10  points  in  si^e,  and 
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do  not  use  italics  except  for  special  emphasis.  Number  all  pages  in 
upper-right  comers.  Indent  paragraphs  3  spaces.  Do  not  justify.  Do 
not  put  authors'  names,  institutional  alTiliations  or  allusions  to 
institutional  all'iliations  in  the  text,  or  other  identification  any- 
where except  on  the  title  page.  Repeat  lule  i>nl\  (im  authors)  on 
the  abstract  page.  Begin  each  of  the  following  on  a  new  page:  Title 
Page,  Abstract,  Text.  Product  Sources  List,  Acknowledgments,  Ref- 
erences, each  Table,  and  each  Appendix.  Use  standard  Hnglish  in 
the  first  person  and  active  voice. 

Center  main  section  headings  on  the  page  and  type  them  in  cap- 
ital and  small  letters  (eg.  Introduction,  Methods.  Results,  Discus- 
sion). Begin  subheadings  at  the  left  margin  and  type  them  in  cap- 
ital and  small  letters  (eg.  Patients,  Equipment.  Statistical  .Analysis). 

References.  Cite  only  published  works  as  references.  Manuscripts 
accepted  but  not  yet  published  may  be  cited  as  references:  desig- 
nate the  accepting  journal,  followed  by  (in  press),  and  piovide  3  copies 
of  the  in-press  article  for  reviewer  inspection.  Cite  references  in  the 
text  with  superscript  numerals.  Assign  numbers  in  the  order  that  ref- 
erences are  first  cited.  On  the  reference  page,  list  the  cited  works 
in  numerical  order.  Follow  the  Journal's  style  for  references.  Abbre- 
viate journal  names  as  in  Index  Medic  us.  List  all  authors. 

Article  in  a  journal  carrying  pagination  throughout  \olume: 

Rau  JL.  HarwoDcl  R.I.  ('(imparison  of  nebull/er  delivery  methods 
through  a  neonatal  endoirueheal  tube:  a  bench  study.  Respjr  Care 
IW2:37(II):I2.VV1240. 

Aiticle  in  a  publication  that  numbers  each  issue  beginning  with 
Page  1 : 

Bunch  D.  Eslablishinj;  a  nationiil  database  for  home  care.  AARC  Times 

myi;l?(Mar):()l,62,64. 

Corporate  author  journal  article: 

American  .Association  lor  Respiratory  Care.  Criteria  for  establish- 
ing units  lor  chronic  ventilalor-dependenl  patients  in  hospitals.  Respir 
Care  iqXK:.^^!!  I ):  11)44-1046. 

Ailicle  in  journal  supplement:  (Journals  differ  in  their  methods  of 
ntimbering  and  identifying  supplements.  Supply  sufficient  infomiation 
to  promote  retrieval.) 

Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest  14X6; 

S4(.^Suppll:l.^9S-l4.\S. 

Abstract  m  louiiial;  ( .Abstracts  citations  iire  to  be  avoided.  Those  more 
than  3  years  old  should  not  be  cited.) 

.Stevens  DP.  Scavenging  rihas  irin  from  an  oxygen  hood  to  reduce  envi- 
ronmental exposure  (abstract).  Respir  Care  1  yy();.35(  1 1 );  1 087- 1 088. 

Editorial  in  journal: 

Enrighl  P.  Can  ue  relax  during  spiromeUy  '  (edilonall,  .\m  Rev  Respir 
Dis  I9W:I48(2):274. 

Editorial  with  no  author  given: 

Negative-pressure  ventilation  lor  chronic  obsiructise  pulnion;u>  dis- 
ease (editorial).  Lancet  1 992:340(88.13):  1 440- 1441. 

Letter  in  journal: 

Aelony  "i  Ethnic  norms  for  pnlmonan.  function  tests  ( letter).  Chest 
1991:99(4):  lO.il. 


Paper  accepted  but  not  yet  published: 

Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Personal  author  book:  (For  any  book,  specific  pages  should  be  cited 
whenever  possible.) 

DeRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pulmonary  dis- 
ease. New  York:  Futura:  1990.  p.  76-8.'>. 

Corporate  author  book: 

American  Medical  Assix;ialion  Department  of  Drugs.  .AMA  drug  e\al- 
uations,  3rd  ed.  Littleton  CO:  Publishing  Sciences  Group;  1977. 

Chapter  in  book  with  cdi torts): 

Pierce  AK.  Acute  respiratory  failure.  In:  Guenter  C.A.  Welch  MH. 
editors.  Pulmonary  medicine.  Philadelphia:  JB  Lippincott;  1977. 

Tables.  Use  consecutively  numbered  tables  to  display  information. 
Start  each  table  on  a  separate  page.  Number  and  title  the  table  and 
give  each  column  a  brief  heading.  Place  explanations  in  footnotes, 
including  all  nonstandard  abbreviations  and  symbols.  Key  the  foot- 
notes with  conventional  designations  (*.  t,  +,  II.  f,  **,  tt)  in  con- 
sistent order,  placing  them  superscript  in  the  table  body.  Do  not  use 
hori/onial  or  vertical  rtiles  or  borders.  Do  not  submit  tables  as  pho- 
tographs, reduced  in  size,  or  on  oversi/e  paper.  Use  the  same  type- 
face as  in  the  text. 

Illustrations.  Graphs,  line  drawings,  photographs,  and  radiographs 
are  figures.  Use  only  illustrations  that  clarify  and  augment  the  text. 
Number  them  consecutively  as  Fig.  I ,  Fig.  2,  and  so  forth  accord- 
ing to  the  order  by  which  they  are  mentioned  in  the  text.  Be  sure  all 
figures  are  cited.  If  any  figure  was  previously  published,  include  copy- 
right holder's  written  permission  to  reproduce.  Figures  for  publi- 
cation iTiust  be  of  professional  quality.  Data  for  the  original 
graphs  should  be  available  to  the  Editor  upon  request.  If  color  is  essen- 
tial, consult  the  Editor  for  more  information.  In  reports  of  animal 
experiments,  use  schematic  drawings,  not  photographs.  A  letter  of 
consent  must  accompany  any  photograph  of  a  person.  Do  not  place 
titles  and  detailed  explanations  on  figures;  put  this  information  in 
figure  captions.  If  possible,  submit  radiographs  as  prints  and  full- 
size  copies  of  film. 

Drugs.  Identify  precisely  all  drugs  and  chemicals  used,  gi\ing  gener- 
ic names,  doses,  and  routes  of  administration.  If  desired,  brand  names 
may  be  given  in  parentheses  after  generic  names.  Drugs  should  be 
listed  on  the  product-sources  page. 

Coniniercial  Products.  In  parentheses  in  the  text,  identify  any  com- 
mercial product  ( including  model  number  if  applicable)  die  first  time 
it  is  mentioned,  giving  the  manufacturer's  name,  city,  and  state  or 
countrN'.  It  four  or  more  products  are  mentioned,  do  not  list  any  man- 
ufacturers in  the  text;  instead,  list  them  on  a  Product  Sources  page 
at  the  end  of  the  text,  before  the  References.  Provide  model  num- 
bers when  available  and  manufacturer's  suggested  price,  if  the  study 
has  cost  implications. 

Kthlcs.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  with  the  ethical  stan- 
dards of  the  World  Medical  Associalion  Declaration  of  Helsinki 
[Respir  Care  1997;42(6):635-636]  or  of  the  institution's  committee 
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on  human  experimentation.  State  that  informed  consent  was 
obtained.  Do  not  use  patient's  names,  initials,  or  hospital  numbers 
in  text  or  illustrations.  When  reporting  experiments  on  animals,  indi- 
cate that  the  institution's  policy,  a  national  guideline,  or  a  law  on 
the  care  and  use  of  laboratory  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analyzing  the  data. 
and  give  the  prospectively  determined  level  of  significance  in  the 
Methods  section.  Report  actual  p  values  in  Results.  Cite  onh  text- 
book and  published  article  references  to  suppiirt  choices  of  tests.  Iden- 
tify any  general-use  or  commercial  computer  programs  used,  nam- 
ing manufacturers  and  their  locations.  These  should  be  listed  on  the 
product-sources  page. 

Units  of  Measurement.  Express  measurements  of  length,  height, 
weight,  and  \olume  in  metric  units  appropriately  abbreviated:  tem- 
peratures in  degrees  Celsius:  and  blood  pressures  in  millimeters  of 
mercury  (mm  Hg).  Report  hematologic  and  clinical-chemistry  mea- 
surements in  conventional  metric  and  in  SI  {Sysleme  Imenuilioiuile) 
units.  Show  gas  pressures  (including  blood  gas  tensions)  in  torr. 
List  SI  equivalent  values,  when  possible,  in  brackets  following  non- 
Si  values— for  example.  "PEEP.  1 0  cm  H:0  [0.98 1  kPa]."  For  con- 
version to  SI.  see  RHSP1R.A.TORY  C.-XRE  1988:33(10):861-873 
(Oct  1988).  l989:34(2):145(Feb  1989).  and  1997:42(6):639-640 
(June  1997). 

Conflict  of  Interest.  Authors  are  asked  to  disclose  any  liaison  or  fin;in- 
cial  ;uTangement  they  have  with  a  manufacturer  or  distnbutor  w  hose 
product  is  part  of  the  submitted  manuscript  or  with  the  manufacturer 
or  distributor  of  a  competing  product.  (Such  arrangements  do  not 
disqualify  a  paper  from  consideration  and  are  not  disclosed  to  review- 
ers.) A  statement  to  this  effect  is  included  on  the  cover-letter  page. 
(Reviewers  are  screened  for  possible  conflict  of  interest.) 

Abbreviations  and  Symbols.  Use  standard  abbreviations  and  sym- 
bols. .Avoid  creating  new  abbre\iations.  A\oid  all  abbresiations 
in  the  title  and  unusual  abbreviations  in  the  abstract.  Use  an  abbre- 
viation only  if  the  term  occurs  several  times  in  the  paper.  Write  out 
the  full  term  the  first  time  it  appears,  followed  by  the  abbre\  iation 
in  parentheses.  Thereafter,  employ  the  abbreviation  alone.  Never 
use  an  abbreviation  without  defining  it.  Standard  units  of  mea- 
surement can  be  abbreviated  without  explanation  (eg.  10  L/min. 
15  torr.  2.3  kPa). 

Please  use  the  following  forms:  cm  H:0  (not  cmH20).  f  (not  bpm). 
L  ( not  1 ).  L/min  ( not  LPM.  l/min.  or  1pm ).  mL  ( not  ml ).  mm  Hg  ( not 
mmHg).  pH  (not  Ph  or  PH).  p  >  0.001  (not  p>0.001 ).  s  (not  sec), 
SpO:  (pulse-oximetry  saturation).  See  Respiratory  Care:  Stan- 
dard Abbreviations  and  Symbols  [RespirCare  1997:42(6):637-642). 


Computer  Diskettes.  Authors  are  encouraged  to  submit  electron- 
ic versions  of  manuscripts  as  well  as  printed  copies  (3.5  in.  diskettes 
in  Macintosh  or  IBM-DOS  format).  Label  each  diskette  with  date; 
author's  name:  name  and  version  of  word-processing  program  used: 
and  filename(s).  Software  used  to  produce  graphics  and  tables  should 
be  similarly  identified.  Do  not  write  on  diskette  labels  except  with 
fell-tipped  pen.  If  revision  of  a  manuscript  is  required  as  a  condi- 
tion of  acceptance  for  publication,  we  ask  that  an  electronic  version 
of  revision  be  supplied  to  facilitate  copyediting  and  production. 

Prior  and  Duplicate  Publication.  Work  that  has  been  published 
or  accepted  elsew  here  should  not  be  submitted.  In  special  instances, 
the  Editor  may  consider  such  material,  provided  that  permission  to 
publish  is  given  by  the  author  and  original  publisher.  Please  con- 
sult the  Editor  before  submitting  such  work. 

Authorship.  .All  persons  listed  as  authors  should  have  participat- 
ed in  the  reported  work  and  in  the  shaping  of  the  manuscript:  all  must 
have  proofread  the  submitted  manuscript:  and  all  should  be  able  to 
publicly  discuss  and  defend  the  paper's  content.  A  paper  with  cor- 
porate authorship  must  specify  the  key  persons  responsible  for  the 
article.  Authorship  is  not  justified  solely  on  the  basis  of  solicitation 
of  funding,  collection  or  analysis  of  data,  provision  of  advice,  or  sim- 
ilar services.  Persons  who  provide  such  ancillary  services  exclusi\elv 
may  be  recognized  in  an  Acknowledgments  section. 

Permissions.  The  manuscript  must  be  accompanied  by  copies  of 
permissions  to  reproduce  previously  published  material  (figures  or 
tables):  to  use  illustrations  of  or  report  sensitive  personal  information 
about,  identifiable  persons:  and  to  name  persons  in  the  Acknowl- 
edgments section. 

Reviewers.  Plea.se  supply  the  names,  credentials,  affiliations,  address- 
es, and  phone/fa.x  numbers  of  three  professionals  whom  you  con- 
sider expert  on  the  topic  of  your  paper.  Your  manuscript  may  be  sent 
to  one  or  more  of  them  for  blind  peer  review. 


Submitting  the  Manuscript 

Mail  three  copies  [I  copy  with  author(s)  name(s).  affiliation(s).  2 
copies  without  name(s)  and  affiliation(s)  for  reviewers]  of  the 
manuscript,  figures,  and  1  diskette,  and  the  Cover  Letter  & 
Checklist  to  RESPIRATORY  CARE.  1 1030  Abies  Lane.  Dallas  TX 
75229-4593.  Do  not  fax  manuscripts.  Protect  figures  with  cardboard. 
Keep  a  copy  of  the  manuscript  and  figures.  Receipt  of  >our  manuscript 
will  be  acknowledged. 


Editorial  Office: 

Respiratory  Care 

11030  Abies  Lane 
Dallas  TX  75229-4593 

(972)  243-2272  (telephone) 

(972)  484-6010  (fax) 
e-mail:  respircare@aarc.org 
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Cover  Letter  &  Checklist 

A  copy  of  this  completed  form  must  accompany  all  manuscripts  submitted  for  publication. 


Title  of  Paper: 

Publication  Category: 
Authors:  


Author  to  be  Contacted: Phone: FAX:. 

Mailing  Address  of  Contact  Author: 

Reprints:      Z:  Yes       ;  No 


"We,  the  undersigned,  have  all  participated  in  the  work  reported,  proofread  the  accompanying  manuscnpt,  and  approve  its 
submission  for  publication."  Please  print  and  include  credentials,  title,  institution,  academic  appointments,  city  and  state.  If  more 
than  4  authors,  please  use  another  copy  of  this  form.* 


'Author  Data: 


•Author  Data: 


•Author  Data: 


•Author  Data: 


Author  Signature/Date 


Author  Signature/Date 


Author  Signature/Date 


Author  Signature/Date 


Has  this  research  been  presented  in  a  public  forum''           Yes         No 
If  yes,  where,  when  and  by  whom? 


Has  this  research  received  awards?      i     Yes         No 
If  yes,  please  deschbe. 


Do  any  of  the  authors  have  a  financial  interest  in  the  products  mentioned  in  this  paper  or  competing  products? 
D  Yes         No      If  yes,  please  disclose: 


Checklist: 

D  Is  double-spacing  used  throughout  entire  manuscnpt? 

n  Are  all  pages  numbered  in  upper-right  corners? 

D  Are  all  references,  figures,  and  tables  cited  in  the  text? 

D  Has  the  accuracy  of  the  references  been  checked,  and  are  they  correctly  formatted? 

D  Have  SI  values  been  provided? 

D  Has  all  arithmetic  been  checked? 

D  Have  generic  names  of  drugs  been  provided? 

n  Have  necessary  written  permissions  been  provided? 

r     Have  .jjthors'  names  been  omitted  from  text  and  figure  labels? 

U  Have  copies  of  'in  press'  references  been  provided? 

n  Has  the  manuscript  been  proofread  by  all  the  authors? 
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For  VOLUNTARY  reporting 

by  health  professionals  of  adverse 

events  and  product  problems 


FDA  Use  Only  (Resp  Care) 


Page 


B.  Adverse  event  or  product  problem 


Adverse  event       and  or 


Product  problem  (e  g  ,  delects/maltunctions) 


2    Outcomes  attributed  to  adverse  event  | — , 

(check  all  that  apply)  I I  disability 

r— j  ^^^1^  □  congenital  anomaly 

—  (mo'day/yr)  [^  required  intervention  to  prevent 

I I  life-ttireatening  permanent  impairment/damage 

I     I  tiospitalization  -  initial  or  prolonged  LJ  other: 


3   Date  of 
event 


4   Date  of 
this  report 


5    Describe  event  or  problem 


6    Relevant  tests/laboratory  data,  including  dates 


Ottier  relevant  history,  including  preexisting  medical  conditions  (e  g  ,  allergies 
race,  pregnancy,  smoking  and  alcohol  use,  hepalic/renal  dyslunction.  etc  ) 


Mail  to:     \11I)VV\HH  or  FAX  to: 

5600  Fishers  Lane  1 -800-FDA-01 78 

Rockville.  MD  20852-9787 


of 


Triage  umf 
sequence  " 


C.  Suspect  medication(s) 


1     Name  (give  labeled  strength  &  mftlabeler,  it  knovwn) 


#2 


2    Dose,  frequency  &  route  used 

»1 

«2 


3    Therapy  dates  (if  unknown,  give  duration) 

lt.:,m  ici  ,  jr  bfist  estimate 
#1 


4    Diagnosis  for  use  (indication) 

#1 


#2 


6    Lot  #  (it  known) 

#1 


Exp.  date  iif  known) 


9    NDC  #  (lor  product  problems  only) 


5    Event  abated  after  use 
stopped  or  dose  reduced 

#1  Dyes  n no  ngg^fy"' 


#2  Dyes  n™  ni$%"'' 


i    Event  reappeared  after 
reintroduction 

»1  Dyes  n  no    D^g^Py"'' 


#2  Dyes  D™    D^g^Py"'' 


10    Concomitant  medical  products  and  therapy  dales  (exclude  treatment  ol  event) 


D.  Suspect  medical  device 


Brand  name 


Type  of  device 


3    fVtanufacturer  name  &  address 


6 

model  #  _ 

catalog  # 

serial  # 

lot  #  


other  # 


4    Operator  of  device 

I     I  health  professional 
I     I  lay  user/patient 
I     I  other: 


5    Expiration  date 

\mO'day  yti 


7    If  implanted,  give  date 

mo/day.yri 


8    If  explanted,  give  date 

tmo'davyri 


9    Device  available  for  evaluation?                (Do  not  send  to  FDA) 
I     I    yes  ED  no  Q  returned  to  manufacturer  on 


0    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


E.   Reporter  (see  confidentiality  section  on  bacit) 


1       Name  &  address 


phone  # 


2    Health  professional? 

□   yes       □    no 


3      Occupation 


If  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an  "  X  "  in  this  box.      \_\ 


4    Also  renortect  to 
Qj      manulacturer 
,'~|      user  facility 
Q      distributor 


FDA  Form  3500  1/96) 


Submission  of  a  report  does  not  constitute  an  admission  ttnat  medical  personnel  or  the  product  caused  or  contributed  to  the  e' 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  other  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  death 

•  life-threatening  (real  risk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  the 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 

•  therapeutic  failures 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 


Important  numbers: 

•  1-800-FDA-0178 

•  1-800-FDA-7737 

•  1-800-FDA-1088 


•  1-800-822-7967 


to  FAX  report 

to  report  by  modem 

to  report  by  phone  or  for 

more  information 

for  a  VAERS  form 

for  vaccines 


If  your  report  involves  a  serious  adverse  event 
with  a  device  and  it  occurred  in  a  facility  outside  a  doc- 
tor's office,  that  facility  may  be  legally  required  to  report  to 
FDA  and/or  the  manufacturer.   Please  notify  the  person  in 
that  facility  who  would  handle  such  reporting. 

Confidentiality:   The  patients  identity  is  held  in  strict 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporters  identity,  including  the  identity  of  a 
self-reporter,  may  be  shared  with  the  manufacturer  unless 
requested  otherwise.   However.  FDA  will  not  disclose  the 
reporter's  identity  in  response  to  a  request  from  the 
public,  pursuant  to  the  Freedom  of  Information  Act. 


The  public  reporting  burden  (or  this  collection  of  information 
tias  been  estiinated  to  average  30  minutes  per  response, 
includmg  the  time  for  reviewing  instructions,  searching  exist- 
ing data  sources,  gathering  and  maintaining  the  data  needed, 
and  completing  and  reviewing  the  collection  of  information 
Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions 
for  reducing  this  burden  to; 


DHHS  Reports  Clearance  Office 
Paperworii  Reduction  Proiecl  (0910-0291) 
Hubert  H   Humpiirey  Building,  Room  531-H 
200  independence  Avenue,  S  W 
Washington   OC    20201 


An  agency  may  not  conduct  or  sponsor, 
and  a  person  is  not  required  to  respond  to. 
a  collection  of  intormalion  unless  it  displays 
a  currently  valid  OMB  control  number 


Please  do  NOT 
return  this  form 
to  either  of  these 
addresses. 


U  S  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES 
Public  Healtti  Service  •  Food  and  Drug  Administration 


FDA  Form  3500-back 


Please  Use  Address  Provided  Below  -  Just  Fold  In  Thirds,  Tape  and  Mail 


Department  of 

Health  and  Human  Services 

Public  Health  Service 

Food  and  Drug  Administration 

Rockville,  MD  20857 

Official  Business 

Penalty  for  Private  Use  $300 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 

OR  APO  FPO 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  MAIL     PERMIT  NO.  946     ROCKVILLE.  MD 


POSTAGE  WILL  BE  PAID  BY  FOOD  AND  DRUG  ADMINISTRATION 


meiWajch 


The  FDA  Medical  Products  Reporting  Program 
Food  and  Drug  Administration 
5600  Fishers  Lane 
Rockville.  MD  20852-9787 


iMMIJMiliilnliliiililliliiliiiliiililiiiliilill 


News  releases  about  new  products  and  sen  ices  will  be  considered  tor  publication  in  this  section.  There  is  no  charge  for 
these  listings.  Send  descriptive  release  and  glossy  black  and  white  photographs  to  RESPIRATORY  Care  Journal.  New 
Products  and  Senices  Dept,  1 1030  Abies  Lane.  Dallas  TX  75229-459?.  The  Reader  Service  Card  immediately  roliows 
the  authors  &:  advertisers  index  at  the  back  of  the  Journal. 


New  Products 
&  Services 


Lnform^tion  System.  Siemens  Med- 
ical Systems  Inc  and  Picis  Inc  announce 
the  Picis  CareSuite  "97.  The  Windows 
NT-based  point-of-care  information  sys- 
tem automates  the  flow  of  cHnical  data 
from  the  Siemens  SC  9000  patient  mon- 
itors and  Servo  300  ventilators.  Ac- 
cording to  the  companies,  the  technol- 
ogy advances  the  Siemens  Pick  and 
GoT^'  concept  for  continuous  monitor- 
ing by  allowing  a  patient  to  be  monitored 
during  transport  witli  no  monitor  prepa- 
ration procedures.  For  more  infomiation 
about  CareSuite  "97.  circle  Reader  Ser- 
vice Number  160. 


Infant  Monitor.  Electronic  Moni- 
tors International  Inc  issues  the  Infa- 
Guard  200  Infant  Apnea,  Respiratory, 
and  Heart  Rate  Monitor.  The  unit  is 
small  and  lightweight  and  is  designed 
for  stand-alone  or  transport  use.  Ac- 
cording to  a  company  press  release,  the 
monitor  operates  for  a  minimum  of  8 
hours  and  uses  2  chest  electrodes  ( u  ith 


an  optional  third  electrode)  to  monitor 
both  respiration  and  heart  rate,  a  large 
digital  LED.  and  programmable  audio 
and  visual  alaniis.  The  monitor  also  in- 
cludes a  built-in  self  test  feature  to  check 
the  monitor,  patient  cables,  and  lead 
wires.  To  obtain  more  details,  circle 
Reader  Service  Numberl61. 


CFC-Free     Asthma     Inhaler. 

Proventil®  HFA  (albuterol  sulfate  in- 
halation aerosol)  is  now  available  from 
Schering-Plough  Corporation.  Proven- 
til  HFA  is  the  same  medicine  as  Proven- 
til"  but  now  features  a  new  delivery  sys- 
tem that  is  chlorofluorocarbon  (CFC) 
free,  the  company  says.  In  addition, 
Schering-Plough  says  that  the  inhaler 
provides  consistent  medication  deliv- 
eiy,  a  previous  shortcoming  of  CFC-con- 
laining  albuterol  metered  dose  inhalers, 
luid  remains  aerosolized  even  when  used 
in  colder  outdoor  temperatures.  Other 
redesigns  include  a  longer  mouthpiece, 
a  thumb  grip,  and  updated  spray  valve — 
enhancements  that  help  deliver  the 
medicine  for  200  complete  sprays.  For 
a  complete  list  of  indications,  con- 
traindications, and  side  effects,  circle 
Reader  Sen  ice  Number  162. 


Endotracheal  Tube  Attach- 
ment. Hollister  releases  the  E-Tab  oral 
endotracheal  tube  attachment  device. 
The  E-Tab  holds  the  tube  securely  by 
using  an  adhesive  strip  and  a  strap  lock, 
allow  s  the  tube  to  be  repositioned  and 


relocked.  and  simplifies  access  for  suc- 
tioning and  oral  care — for  up  to  5  days. 
The  company  says  that  the  device  is 
latex-free  and  biocompatible;  in  addi- 
tion, the  device  prevents  the  fonnation 
of  pressure  sores  and  eliminates  the 
breakdown  of  the  skin,  even  in  the  pres- 
ence of  perspiration  and  oral  secretions. 
More  details  are  available,  circle  Read- 
er Service  Number  163. 


General  Purpose  Cleaner.  Cety- 
lite  Industries  Inc  has  developed  a  con- 
centrated General  Purpose  Ultrasonic 
Cleaner.  The  company  says  that  this  con- 
centrated cleaner  may  be  used  in  carrier 
baths  for  cleaning  beakers  and  remov- 
ing debris,  compounds,  body  fluids,  and 
blood  from  metal,  glass  porcelain,  pre- 
cious and  semiprecious  metals,  and  plas- 
tic and  rubber  items.  The  concentrate 
comes  in  a  squeeze  bottle.  Infomiation 
about  the  Ultrasonic  Cleaner  is  available 
from  Cetylite.  Circle  Reader  Service 
Number  164. 


Regulator.  The  Backup  Regulator, 
designed  to  connect  to  a  reserve  oxygen 
source,  is  introduced  by  Victor  Medi- 
cal. The  company  says  that  the  Back- 
up Regulator  features  a  compact  design, 
easy-to-read  gauges,  brass  construction 
for  durability,  easy  flow  adjustment,  fil- 
tered inlet  and  outlet,  a  flow  range  of  0-8 
L/min,  and  the  choice  of  CGA  870  yoke 
or  CGA  540  nut/stem  design.  The  Reg- 
ulator also  features  Victor  Medical's  E-Z 
Key  for  tighter  seals  and  the  prevention 
of  leaks.  Details  about  the  regulator  and 
its  6-year  warranty  are  available.  Choose 
Reader  Service  Number  165. 
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Notices 


Notices  of  competitions,  scholarships,  fellowships,  examination  dates,  new  educational  programs,  and  the  like  will  be  listed  here  free  of 
charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days  before  the  desired  month  of  publication  (January  1  for  the  March  issue, 
February'  1  for  the  April  issue,  etc).  Include  all  pertinent  information  and  mail  notices  to  RESP1R\T0R\'  CARE  Notices  Dept.  1 1030  Abies 
Lane.  Dallas  TX  75229-4593. 


i-ijijlh  \'.Si\\\':-Any/3-s:iS'.,'js:] 


Helpful  Web  Sites 


uscripts  submit- 
ler  1, 1997.  Questions  may  be  directed  to 


National  Respiratory  Care  Week 
October  12-18, 1997 

Call  the  RC  Week  hotline  at  (972)  406-4684. 


American  Association  for  Respiratory  Care 

http;//www. aarc.org 

Free  access  to  MEDHNE  is  now  available  on  our 

web  site 

National  Board  for  Respiratory  Care 

http://v\' WW. nbrc.org 

Applied  Measurement  Professionals  Inc 

http://www.applmeapro.com 

The  American  Academy  of  Pediatrics 

http://www.aap.org 

Extracorporeal  Life  Support  Organization 

http://www.med.umich.edu/elso/ 

U.S.  Department  of  Health  and  Human 
Services,  Health  Advice 

http://www.healthfinder.gov 

Food  and  Drug  Administration 

http://www.fda.gov 

National  Asthma  Education  Prevention 
Program  CJuidelines.  2nd  Edition 

http://\\w\\.nhlbi.nih.go\/nhibi/iung/ 
asthma/prof/ asthgdln.htm 


o 


\i«' 


3]iC  National  Honor  Soctetif  jor 


$ 


the  'Pnjcision  oj  Jiapirdlcry  Care 


For  information  about  the  l.ambtia  Beta  Society — 

the  National  Honor  .Society  for  the 

Profession  of  Respiratory  Care. 

contact  the  Society  Office  at 

PO  Box  15945-292. 1.enexa  KS  66285 

(91.^1541-9077 
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The  National  Board  for  Respiratory  Care — 1998  Examination  Dates  and  Fees 


Examination 

CRTT  Examinallon 


Examination  Date 

March  14.  1998 

Application  Deadline:  January  1.  1998 


Examination  Fee 

$100    (new  applicant)* 
60    (reapplicant)* 


July  11.  1998 

Application  Deadline:  May  1.  1998 


100    (new  applicant)* 
60    (reapplicant)* 


November  14.  1998 

Application  Deadline:  September  1.  1998 


100    (new  applicant)* 
60    (reapplicant)* 


RRT  Examination 


June  6,  1998 

Application  Deadline:  February  1.  1998 


120   Written  only  (new  applicant) 
80    Written  only  (reapplicant) 
130    CSE  only  (all  applicants) 


Decembers.  1998 

Application  Deadline:  August  1.  1998 


250    Both  (new  applicant) 
210    Both  (reapplicant) 


CPFT  Examination 


June  6.  1998 

Application  Deadline:  April  1.  1998 


130    (new  applicant) 
100    (reapplicant) 


RPFT  Examination 


Decembers,  1998 

Application  Deadline.  September  1.  1997 


180    (new  applicant) 
150    (reapplicant) 


Perinatal/Pediatric  Respiratory 
Care  Specialty  Examination 


March  14.  1998 

.Application  Deadline:  November  1.  1998 


180    (new  applicant) 
150    (reapplicant) 


*In  1999.  this  examination  fee  will  increase  by  $20. 

For  information  about  other  services  or  fees,  write  to  the 
National  Board  for  Respiratory  Care.  8310  Nieman  Road.  Lenexa  KS  66214.  or  call  (913)  599-4200.  FAX  (913)  541-0156.  email  nbrc-info@nbrc.org. 
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STOP  THE 
CONFLICT... 

BETWEEN  PATIENT  AND  VENTILATOR 


Draser 


Let  your  patient  cough  or  breathe  unrestricted 
during  controlled  ventilation! 


Drager  has  incorporated  this  idea  in  the 
design  of  Evita  ventilators  since  1988  .  . 


.  .  .  with  eight  years  of  experience 
combining  spontaneous  breathing 
with  controlled  ventilation  in  APRV 
and  PCV+. 


The  result: 
E^  Pulmonary  Work 
Station  —  the  evolution 
of  ventilator  manage- 
ment with  AutoFlow®  — 
unrestricted  spontane- 
ous breathing  during 
controlled  ventilation 
whether  your  strategy  is 
volume  or  pressure 
oriented. 
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VOLDYNE 


Volumetric  Incentive  Deep-Breathing  Exerciser 

The  accuracy  of  Voldyne,  in  a  new  size,  matched  to  geriatric 
patients  and  patients  with  smaller  lung  capacities. 


® 


Voldyne  2500  ... 


■  A  smaller,  lighter  flow  cup  reduces  the  work  of  breathing,  thus 
improving  patient  performance  and  progress 

■  Every  unit  is  individually  tested  and  calibrated  for  performance 
reliability  and  superior  accuracy  of  inhaled  lung  volume 

■  Volume  incentive  spirometry  improves  assessment  of  patient 

progress  by  eliminating  the  guesswork  associated  with  spirometers 

that  only  measure  flow. 

■  Graduations  printed  on  both  sides  of  the  unit  allow  the  therapist  to 
conveniently  observe  volumes  while  instructing  and  encouraging 
the  patient. 

For  turllier  inlormation.  contact  your  Sheruiood  O R  iCnticat  Care 

Rspreientative  or  call  .  ^__  a-»c  TyiT-* 

1-800-325-7472     (outside  Missounl 

1-800-392-7318       n  Missouri 
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